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INTRODUCTION 
Weed control is one of the largest expenses in crop 
production. Farmers of the United States are spending 
about |2 billion per year for weed control. Nonchemical 
weed control methods are used on approximately 75 percent 
of the national crop acreage. Tillage for weed control 
involves the turning or stirring of more than 125 billion 
tons of soil each year (58). Chemical weed control has 
been rapidly replacing tillage within the past decade. 
Herbicides were used to control weeds on approximately 
53 million acres in 1959 and over 70 million acres in 1962 
(67). In 1940 there were only about l4 herbicides avail­
able while in 1964 farmers had a choice of more than 100. 
The development, acceptance and use of chemicals for 
herbicides has presented problems of plant and soil residue 
that has attracted the attention of governmental agencies 
and research workers as well as the general public. Plant 
residue studies were accelerated by the Federal Insecticide, 
Fungicide and Rodenticide Act of 19^7 and subsequent amend­
ments that were designed to enforce tolerances of pesticide 
chemicals in foodstuff for animal and human consumption. 
To date, approximately 2500 tolerances have been set by the 
Food and Drug Administration for about 125 chemicals and 
there are 200 to 300 other chemicals registered for use on 
agricultural crops on a "ho residue" basis (17). Consequently, 
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most of the quantitative and qualitative analyses of pesti­
cide residues have been on plant tissue and milk products. 
One of the recent innovations to the chemical weed 
control field has been granular herbicides. Granular 
herbicide formulations have been widely accepted by farmers 
for pre-emergence application. The development of applica­
tion equipment for granular herbicides has been based on 
weed control obtained under field conditions. Some attempts 
have been made to determine the number of granules needed 
per unit of soil area of various compounds and formulations 
for adequate weed control but erratic and unexplainable 
results have made field evaluations difficult. With the 
information now available specifications cannot be deter­
mined for metering and the distribution of granular herbi­
cides on or in the soil necessary for satisfactory weed 
control. 
Uniformity of distribution of these granular herbicides 
is important but the number of granules required per unit 
area is influenced by the movement of the herbicide into 
the soil. In addition to having little information avail­
able on the movement of a herbicide from granules into the 
soil, the methods and techniques of measuring this distri­
bution have not been available. Until recently minute 
quantities of herbicides were measured by the bioassay 
method which requires fr'om 1 to 6 weeks for, a single deter­
mination. In 1958, Lovelock (53) devised an "electron 
... - 3 
affinity" detector for a gas chromatograph and"its adoption 
by commercial manufacturers within the past 2 years has 
provided a tool for rapid determination of minute quanti­
ties of some pesticides. If this detection system could 
be used to study the distribution of a herbicide from single 
granules of various, types and sizes, information could be 
obtained on the metering and distribution patterns of 




The main objective of this study was to investigate 
the distribution of a herbicide from a single granule into 
the soil. In order to accomplish this main' objective, the 
following objectives were pursued; 
1. To develop a mechanical sampling device for taking 
soil samples consisting of layers of concentric rings around 
the single granule. 
2. To determine a simple extraction method of removing 
the herbicide from the soil. 
3. To investigate the use of the gas chromatograph 
• 
with the electron capture detector as a means of detecting 
minute quantities of a herbicide.. 
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REVIEW OP LITERATURE 
Residue analysis by bloassay methods have been used 
by research workers for .some time. Papers have been pub­
lished (24, 52, 65, 75J 76, 77) that include plant response 
to pesticides as indicated by root initiation, stem bend­
ing, bud inhibition, rooting response of cuttings, retarda­
tion of growth, swelling of tissues, modification of cell 
and shoot development. Much time had to be spent in the 
selection of a susceptible plant or seed that was sensitive 
to a given pesticide and at the desired concentration level 
of the pesticide. Plants that have been used include 
tomatoes, marigolds, tobacco, sweet peas, sunflower, onion, 
wheat, beans, corn, roses, oats, cucumber and many others. 
The bloassay method generally requires greenhouse facilities 
and from 1 to 6 weeks to make a single determination. 
The study of the distribution of a herbicide from a 
single granule into the soil requires a residue analysis 
that is simple and fast since many determinations must be 
made. The use of a gas chromâtograph with an electron cap­
ture detector offers the possibility of such a method. In 
addition to a review of literature on gas chromatography and 
herbicide extraction methods the following literature search 
includes reviews on the complex phenomenon of herbicidal 
activity in soil. This includes reviews on the fate and 
role of herbicides in soil in general, the fate of 2-chloro-N, 
6 
N-diallylacetamide (CDAA) in soil, and the fate of granular 
herbicides in soil in particular. 
Fate and Role of Herbicides in Soil 
Weed growth is controlled only if a herbicide reaches 
the site where it is available to weeds and germinating 
seeds in toxic quantities. There are many environmental 
variables, soil properties and processes occurring in the 
soil which influence herbicidal activity. Research workers 
(4, 10, 12, 15, 19, 26, 27, 29, 32, 4l, 43, 48, 50, 6o, 
6l, 62, 68, 69, 71J 72, 78, 79J 86) have investigated the 
effects of many of the conditions affecting herbicidal 
activity. Factors that have been investigated are tempera­
ture, light, humidity, air movement, volatility of the com­
pound, microorganism activity, soil types, soil moisture, 
soil surface condition, rainfall and formulation of the 
herbicide. 
In 1950, Norman and Newman (61) reported that the 
major causes of a herbicide becoming inactivated in soil 
to be leaching, reaction with soil components, and decom­
position by soil microorganisms. In 1954, Ogle and Warren 
(62) reported that the fate of herbicides applied to the 
soil was determined by the microbal .and chemical break­
down, leaching, absorption of the herbicide by the soil 
either in an active or inactive form and the volatilization 
of the herbicide from the soil. Working with 2,2-dichloro-
proponic acid (dalapon), Hoistun and Loomis (4]) found that 
soil temperatures and moisture appeared to be the most 
critical of all the indirect factors affecting the rate of 
decomposition of dalapon in the soil. 
The effects of water upon the movement of herbicides 
into soil has received considerable attention from research 
workers (28, 4-0, 45, 80, 81, 8?). Upchurch and Pierce (80) 
Investigated the effect of intensities of rainfall varying 
from l/l6 inch per application to 4 inches per application 
on the leaching of 3-(p-chlorophenyl)-l,l-dimethylurea 
(monuron) from a sandy soil. They made the assumption that 
the leaching process involves at least two steps. First, 
the herbicide goes into solution with the water and, secondly, 
the herbicide Is adsorbed on the soil from the percolating 
solution. They concluded that the rainfall intensity factor 
apparently affects the second step but has little or no 
effect on the fir^st step. Upchurch and Pierce (81) also 
found that whether the initial soil condition was air dry 
or saturated with moisture it had little or no effect on the 
leaching of monuron. ¥iese and Davis (8?) studied herbicide 
movement in soil with varying amounts of water and reported 
that relatively insoluble herbicides which did not leach 
readily were affected by the method of water application 
whereas herbicides which were relatively soluble were not 
affected by the method of water application. 
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Harris (40) used 2-methoxy-3,6-dlchlorobenzolc acid 
(dlcamba) and N,N-"dimethyl-2,2-diphenylacetamide (dlphenamid) 
and found upward movement of the two herbicides occurred 
under sublrrlgatlon when surface applied water was allowed 
to evaporate freely from the soil surface. After an appli­
cation of one surface inch of water, upward movement of 
dicamba and diphenamid occurred when the soil surface was 
not covered. The lack of upward movement when the wetted 
columns were covered suggested to Harris that diffusion did 
not cause the observed movement. He also found no upward 
movement when the herbicide was placed in an air-dry column 
which suggested that vapor movement was not important. He 
concluded that upward capillary movement of-water was res­
ponsible for the upward movement of the herbicide. It 
appears probable that the weather pattern following herbi­
cide application may be Important in addition to total rain­
fall in determining the movement of a herbicide in soil. 
The effects of soil type on herbicidal activity have 
been investigated by researchers (4, 10, 32, 4^, 48,' 69, 78) 
and relationships attempted between herbicidal activity and 
soil properties that include soil particle size, type of 
colloid, exchangeable bases, surface area of soil particles, 
clay and organic matter content, cation exchange capacity 
and pH of the soil. 
According to Upchurch (78), the organic matter content 
and cation exchange capacity was highly correlated with 
growth reduction of grasses with 3-(3j^-diohlorophenyl) 
-1,1-dimethylurea (dluron). He did not observe any influ­
ence of the types of colloids on the phytotoxicity of 
diuron. Jordan and Day (48) fround that the toxicity of 
ethyl NjN-dipropylthiolcarbamate (EPTC) was negatively cor­
related with the organic- matter of the soil and positively 
correlated with sand and'silt content. Jordan and Day did 
not find a correlation between the toxicity of EPTC and 
soil pH, cation exchange capacity or'clay con#ent. Dowler, 
et al. (32), also reported an inverse relationship between 
herbicidal effectiveness and soil organic matter content. 
Upchurch and Mason (79) found that approximately five times 
more herbicide was required for equal toxicity in soils at 
20 percent organic matter than at 4 percent for 11 herbi­
cides, one of which was CDAA. According to Hurtt, e_b al. 
(45)5 organic matter was the predominate factor in retain­
ing isopropyl N-(3-chlorophenyl) carbamate (CIPC) in the 
upper 1/2 inch layer of soil after 1 inch of water was applied. 
Burschel and Freed (12) and Chandra, £t al. (15) 
emphasized that of the several pathways by which a herbi­
cide is lost from the soil, detoxification by microorganisms 
is one of the more important. 
Other research workers have investigated factors that 
might affect the influence of a herbicide such as light, 
air movement and soil smoothing devices which have been 
Investigated by Datta and Dunn (2?), Danielson and Gentner 
(26) and Larson, et al. (51). Danielson and Gentner re­
ported that 2-chloroallyl diethyldithlocarbamate (CDEC) as 
a pre-emergence treatment performed more effectively in hot 
dry weather if applications were made during the night when 
wind velocities and soil temperatures are at a minimum. 
They concluded t%at air movement is an additional important 
factor in the persistence of soil applied EPTC. 
Pate of CDAA in Soil 
The effects of soil characteristics on the field results 
of CDAA for weed control has been investigated by several 
workers (3, 20, 33» 70, 73, 79) by biological performance. 
Using a bioassay method, Gantz and Slife (33) studied the 
persistence and movement of CDAA in a silty loam soil and 
a sandy soil at temperatures of 40°, 60°, 80° and 100°F. 
Using 50 grams of air dried soil and soil at field capacity, 
they found that CDAA remained active 2 to 3 weeks longer in 
the dry soil than in moist soils at the two higher tempera­
tures. There was very little apparent breakdown of CDAA at 
the two lower temperatures, but a definite break in persist­
ence occurred between 60° and 80°P. They also found that 
4 inches of water removed most of the CDAA from a sandy 
soil, whereas 4 inches of water did not materially reduce 
the toxicity in the top 1 inch of a silty loam soil. 
Sheets (70) reported that high concentrations of CDAA 
(l60 ppm) were reduced to innocuous levels in 1 to 3 weeks. 
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Ashton and Dunster (3) applied CDAA at 1, 2 and 4 
pounds per acre rates and incorporated the chemical at 
0,5» 1, 2 and 3 inches. The deeper the herbicide was 
incorporated, the less effective the herbicide was on 
barnyard grass. However, Splittstoesser and Derscheid (73) 
found that 2 to 4 pounds per acre of CDAA granules gave 
good weed control when incorporated to a depth of 3 Inches. 
Poor control was obtained by Splittstoesser and Derscheid 
with CDAA sprays when over 1.5 inches of rain fell immedi­
ately after application,but good control was obtained with 
granules under the same conditions. They concluded that 
water moves CDAA into the soil. They also reported'that 
cool, moist soil at the time of treatment might cause CDAA 
spray to be less effective, but the reverse might be true 
for granular CDAA. 
Bioassay analyses require,from 1 to 6 weeks and the 
chemical loss during this time limits, the usefulness of 
this type of analysis when studying the effects of soil 
variables on the concentration of a herbicide at any given 
time after application. To overcome this limitation, Deming 
(30) developed an accurate method to determine the loss of 
l4 CDAA from soil surface by using C -tagged CDAA. His 
detection method was the suspension technique with the 
liquid scintillation spectrometer. The advantage to his . 
detection method was that the CDAA did not have to be removed 
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from the soil for analysis. However, the disadvantage of 
the method was the coefficient of variation became prohibi­
tive when the percentage of soil in suspension was greater 
than 0.08 percent. For this reason Deming's method could 
not be utilized to study the vertical movement of a herbi­
cide in the soil. Deming found that under some circumstances 
the volatility response to temperature .was reversed to give 
a decreasing loss with increasing temperatures. The 
volatility-temperature relationship was strongly influenced 
by the amount of water present on the soil colloid, with 
increasing amounts of water accelerating CDAA volatility 
loss. 
Bioassay shows the net effect of a herbicide on weed 
control and, if a direct chemical or physical analysis is 
made, some relationship should be established between effec­
tive weed control and concentration of the herbicide. 
Experiments were conducted by the Monsanto-Agricultural 
Research Laboratories (59) with rates of CDAA ranging from 
5 to 640 ppm in soil. Wild oats, ryegrass, cheat, and giant 
•foxtail were planted in pots immediately after the herbicide 
treatment. An equal number of pots were treated but not 
planted until 3 weeks later. All treatments were kept at 
75°P and 20 percent moisture content. The concentrations 
of CDAA required to reduce the grass height by one-half for 
a soil high in clay and organic matter was 40 ppm for the 
13 
treatment planted immediately following application and 
320 ppm for the treatment planted 3 "weeks after application. 
For a silty loam soil, the required concentrations were 20 
and 60 ppm, respectively. Canvin and Friesen (13) found 
that CDAA at 10, ppm and 100 ppm reduced the rate of cell 
division in barley roots but had little effect on pea roots. 
However, Crafts (20) reported that as little as 0.025 ppm 
of CDAA resulted in an 80-percent inhibition of ryegrass 
seed germination. 
As can be seen, reports vary as to the concentrations 
necessary for weed control. Part of this variation is 
probably due to the methods used in evaluating the results 
and part due to the complexity of the variables affecting 
the ultimate effectiveness of a herbicide. 
' . Granular Herbicides 
The first dry herbicide used in the United States was 
borax which was used as" early as 193^ to control Hypericum 
perforatum (St. Johnswort or Klamath weed). The borax was 
mined and sized for marketing as 99 percent larger than 45 
mesh. The granular herbicides as they are known today; i.e., 
a chemical adsorbed on, mixed with, or Impregnated into a 
more or less inert carrier, are only about 10 years old. 
Lovely (55) first used inert granules Impregnated with 
2,4-dichlorophenoxyacetic acid (2,4-D) for weed control in 
1954 after working with granular insecticides in corn borer 
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control during 1952 and 1953. 
Granular herbicides had the advantages of less vapor 
loss for certain herbicides, better penetration of foliage, 
less damage from equipment with applicators in growing 
crops, less direct injury to the foliage of established 
or transplanted crops, and the convenience of not having to 
contend with sprayer and water supply problems. Granular 
herbicides were also found to have the disadvantages of 
higher cost, lack of suitable equipment for application 
and erratic results. 
Lovely (55) used 2,4-D impregnated, on Attaclay, size 
30/60 for his initial study. After trying various machines 
for applying the granules uniformly, he indicated the need 
for better granular applicators. Danielson (22) and Warren 
(83) also reported the need for better equipment for the 
distribution of granular herbicides. 
Some of the physical problems associated with the inert 
granular carrier that received early attention included 
granule density, size, structural permanence, adsorptive 
capacity and color. Danielson (23) experimented with 
carriers made of uncalcined attapulgite clay, calcined 
attapulgite clay, vermiculite, phrophyllite, perlite, and 
activated charcoal. Lovely and Staniforth (57) found no 
difference in bentonite, attapulgite and pikes peak clay 
as carriers for 2,4-D ester. Other carriers that have been 
tried include ground masonite, corncobs, walnut hulls. 
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ground corn kernels, tobacco, and expanded mica. Attapul-
gite clays were found to be immediate in vapor and contact 
activities by Danielson (23). The attapulgite clay is the 
most common carrier used in commercial formulations today. 
Lovely (56) and Lovely and Staniforth (57) conducted 
tests on the number and size of granules necessary for 
satisfactory weed control. They found the 2-pound-per-acre 
rate of 2,4-D just as effective with 10 granules per square 
inch as 50 per square inch, and CDAA just as effective with 
20 granules per square inch as 80 per square inch, as long 
as the total amount of herbicide was the same. They also 
found that a 10 percent formulation of 2,4-D on attapulgite 
clay particles of sizes 24/48, 20/40, and 15/30 gave no 
difference in weed control results. Danielson (25) reported 
that uncalcined attapulgite clay granules, sizes 15/30, 
20/355 and 30/6O, impregnated with EPTC and applied to 
greenhouse plots, gave no difference in weed control with 
respect to particle size and number. 
Staniforth and Lovely (75) studied the lateral movement 
of 2,4-D from a pocket of granules. The granules were con­
centrated in the middle of a petri plate filled with soil 
and planted with turnip seeds. The circular patterns of 
seedling inhibition around the pocket of granules was used 
to evaluate the lateral movement of the herbicide. They 
found that an equal amount of 2,4-D in 3 types of granules 
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gave complete Inhibition of all turnip seedlings in the 
dishes. No attempt was made to study the lateral movement 
of the herbicide from a single granule. 
Gas Chromatography 
Although paper chromatography has been used for a 
century, gas chromatography as a tool for qualitative and 
quantitative analyses of pesticides has only recently be­
come commercially available. Gas chromatography methods 
have the advantages of being very sensitive and are rapid 
and simple in execution. When properly used, gas chroma­
tography can furnish accurate quantitative information 
with extremely small amounts of a sample. 
As defined by Keulemans (49): "Chromatography is a 
physical method of separation, in which the components to 
be separated are distributed between two phases, one of 
these phases' constituting a stationary bed of large surface 
area, the other being a fluid, that percolates through or 
along the stationary,bed." Gas chromatography is distinc­
tive from other forms of chromatography in that'one of the 
phases is a gas which acts to transport the various solutes 
through the, fixed sorbent bed. Gas-liquid chromatography 
refers to all gas chromatographic methods in which the 
fixed phase is a liquid distributed on a solid support. 
This is the type of chromatographic method used in this 
thesis and will be referred to as gas chromatography. 
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The apparatus for any gas chromatographic separation 
consists of four basic components; (a) a carrier gas supply 
and flow control, (b) a sample injection port and a means 
of introducing the sample, (c) the column, and (d) the 
detector. The research worker has a selection of commer­
cial gas chromâtographs from which to choose according to 
the anticipated needs of sensitivity and detection limits. 
Once the selection is made, the problem is one of becoming 
acquainted with the parameters governing column efficiency 
and the performance of the gas chromatograph components. 
A review of the pertinent literature facilitates the selec­
tion of the type of gas chromatograph detector and the 
parameters governing the column efficiency. 
Definitions 
Gas chromatography is relatively new to most research 
workers and even those who have used gas chromatography 
for some time have not been.consistent in their terminology 
dealing with the subject. The terminology used in this 
thesis was suggested by Johnson and Stress (47), and Dimick 
and Hartmann (31); and is as follows: 
1. Gas chromatography - all chromatographic methods 
in which the moving phase is gas. 
2. Gas-liquid chromatography - all gas chromatographic 
methods in which the fixed phase is a liquid dis­
tributed on a solid support. 
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3. Detector.- a device that measures the change of 
composition of the effluent. 
4. Carrier gas - gas that is used to transport and 
elute the sample, as it passes through the column. 
5v, Sample injector - the device by which a liquid or 
gaseous sample is introduced into the apparatus. 
6. Column - the part of the apparatus that separates 
the sample into components. 
7. Plow rate - the carrier gas flow rate by volume 
measured at some point beyond the column. 
8. Column packing - the solid support that is coated 
with the liquid phase and packed into the column. 
9. Liquid phase (also called fixed or stationary 
phase) - a relatively nonvolatile liquid at 
column operating temperature, which is used as a 
coating for the solid support and serves to dis­
solve the sample components. 
10. Solid support - normally an inert porous solid which 
is covered with the liquid phase. 
11. Temperature - if not specified, the temperature of 
the column, but may refer to the temperature of 
injector or detector. 
12. Chromatogram - a plot of the detector response vs. 
time as recorded on a strip chart recorder. 
13. Baseline - that portion of a chromatogram recorded 
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when only carrier gas emerges from the column. 
14. Peak area - the area enclosed between the peak 
and peak base. 
15. Peak height - the distance from the peak maximum 
to the peak base. 
16. Retention time - the time, required from start of 
analysis to the maximum peak of the compound 
under consideration. 
17. Sensitivity - the smallest amount of compound 
detectable by the entire apparatus. This is 
usually expressed .on a weight basis. 
18. Standing current - the current produced in 1:he 
cell from the collected electrons when only 
carrier gas emerges from the column. 
19. Electron affinity - the extent to which a com­
pound will absorb electrons. 
20. Microgram = [ag = 10"^ grams. 
-9 21. Nanogram = ng =10 grams. 
—12 22. Picogram = pg = 10" grams. 
Gas chromatograph detectors 
Adlard and Whitman (2) first reported the use of gas-
liquid chromatography for the analysis of pesticides. They 
found the thermal conductivity detector adequate for the 
analysis of pesticide mixtures but not sensitive enough 
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for pesticide residue analysis. This detector also had 
the disadvantage of requiring an unreasonable amount of 
clean-up for the sample. 
Lovelock (53) was the first to suggest the possibiliti 
of the electron capture detector with the gas chromatograph 
As described by Lovelock and Lipsky (54) and Dimick and 
Hartmann (31), the electron capture detector measures the 
loss of a. signal rather than a positively generated electri' 
cal current. As the carrier gas flows through the detector 
a tritium source ionizes the nitrogen molecules and slow 
electrons are formed. These slow electrons migrate to the 
anode under a fixed potential and a steady current is pro­
duced. If a sample containing electron absorbing molecules 
is then introduced, this current, called the standing cur­
rent, will be reduced. The loss of current is a measure of 
the amount of the compound and the electron affinity of the 
compound. The current is amplified by an electrometer and 
recorded on a strip chart as a peak. 
The electron capture detector is very sensitive to 
chlorinated compounds and not sensitive to most other vola­
tile or organic materials which are present in the extract 
of plants and soils. Thus, the troublesome clean-up proce­
dures necessary in some other analytical methods are parti­
ally eliminated. 
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Another type of ionization detector is the flame • 
ionization detector. In this detector the colimn effluent 
is mixed with hydrogen fuel and burned at the tip of a metal 
jet. The sensitivity of the detector is roughly proportional 
to the carbon content of the effluent. Therefore, aliquots 
of a solvent containing a herbicide extracted from the soil 
would require considerable clean-up or the organic matter 
in the soil would affect the determinations. Segal (66) 
reported that the electron capture detector was more sensi­
tive than the flame ionization detector in detecting 
2,3,6-trichlorophenylacetic acid (fenac). 
The microooulometric, chloride-specific gas chromato-
graph detector has been reported by Coulson (18) as useful 
in the study of chlorinated insecticides and herbicides. 
This detector has the advantage over the electron capture 
detector in that it only detects compounds' containing 
chlorine. In addition to chlorine the electron capture 
detector has a response to compounds containing halids, 
sulfur, nitrogen, and oxygen. Adams, £t al. (1) made a 
comparison of these two types of detectors and found that 
the electron capture detector was 100 times more sensitive 
in detecting 2,4-D. 
For the above mentioned reasons, the electron capture 
detector best fits the immediate needs of detecting minute 
quantities of a chlorinated herbicide extracted from a 
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limited size soil sample. 
Gas chromatographic columns 
The chromatographic column is contained in a tube 
made of glass, aluminum, stainless steel, or copper, that 
can be of various lengths and diameters. Cassil (l4) found 
that some chlorinated pesticides decompose in the presence 
of a hot metal and used a quartz injector insert to elimi­
nate this problem when using a heated injector for the 
vaporization of a liquid sample. Beckman and Devenue (7) 
reported the percent recovery of chlorinated hydrocarbons 
best with a quartz column container. Aluminum, stainless 
steel and copper ranked in that order after quartz in per­
cent recovery of the chlorinated hydrocarbons. Since quartz 
columns and injector inserts are rather expensive, pyrex 
glass was tried in the same study and found to be almost as 
good as the quartz. 
The selection of the column parameters for use in 
this thesis was suggested by a review of recent articles 
1 
on pesticide residue analysis. As pointed out by Bethea , 
column results of other research workers cannot always be 
repeated. He found only l6 of 62 references on columns to 
the same results that the authors obtained but the references 
^Bethea, R. M. Ames, Iowa. Gas chromatographic system' 
used for analysis of simulated spacecraft atmosphere. Pri­
vate communication. 1964. 
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provided a starting point. Bache and Gutemann (5) detected 
from 0.05 to 1.25 ppm of 3-amino-2,5-dichloro-benzoic acid 
(amiben) with a column of 80/100 mesh Chromosorb ¥ coated 
with 5 percent Dow Corning high vacuum silicone grease. 
Beckman and Berkenkotter (6) detected as little as 10 
microgram of a chlorinated-organic pesticide with a 1/4 
inch X 6 foot stainless tube packed with 30/60 mesh Chromo­
sorb W coated with 20 percent Dow, 710 silicone oil. For 
pesticide analysis Beckman and Bevenue (9) used a l/4 inch 
X 2 foot stainless steel tube packed with 30/6O-mesh 
Chromosorb P coated with 20 percent Dow-11 silicone oil. 
For detecting chlorobenzilate residues, Beckman and Bevenue 
(7) used a l/4 inch x 2 foot stainless steel tube packed 
with 60/70 mesh Chromosorb W coated with 2-1/2 percent SE-30. 
They used a carrier gas flow rate of 60 milliliters per 
minute. Goodwin, et al. (35) used a 2-foot tube packed with 
100/200 mesh kieselguhr at a column temperature of l63°C'to 
detect seven chlorinated, insecticides as low as 0.1 and 
0.25 ppm. For a single determination 50 minutes was re­
quired, while 30 minutes was required for continuous deter­
minations. Gutenmann and Lisk (36, 37) used a 2-foot 
glass column of 8O/IOO mesh acid washed, Chromosorb ¥ coated 
with 5 percent Dow Corning high vacuum silicone grease for 
the detection of 0.50 ppm of dieldrin in soil. For the 
detection of 2-chloro-4,6-bis-(ethylamino)-S-triazine., 
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(slmazine), Stammbach, e_b al. (74) used'a column 1/4 Inch 
X 2 meters -packed with 50/60 mesh Anakron, type ABS, coated 
with 3.percent Carbowax 20 M. A retention time of approxi­
mately 11 minutes was obtained at a carrier gas flow rate 
of 42 milliliters per minute and a column temperature of 
225°C. 
Gutnick and Zweig (38) used a l/4 inch x 6 foot copper 
tube packed with 30/60 mesh Chromosorb P coated with 20 
percent Dow-ll high •-vacuum silicone grease for the detec­
tion of a chlorinated phenoxy-acid (2,4-D). With a column 
temperature of 210°C and a carrier gas flow rate of 6o 
milliliters per minute, they were able to detect 100 micro­
grams of the acid. 
Johns and Braithwaite (46) used a l/8 inch x 6 foot 
aluminum tube packed with 42/48 mesh acid washed, Chromosorb 
¥ coated with 6 percent SE-30 plus 0.5 percent Epon 1001 
to detect pesticide residues. They used a column tempera­
ture of 190°C and a carrier gas flow rate of 50 milliliters 
per minute. 
Van Middlelem (82) used a l/4 inch x 4 foot stainless 
steel tube packed with 80/9O mesh Anakrom A coated with 2 
percent SE-30 for the detection of dimethoate residues. 
Segal (66) was able to detect 0.2 ppm of fenac using a 
1/8 inch X 5 foot column of 70/80 mesh Anachron ABS coated 
with 1 percent Ucon Polar. Wesselman (84) used l/4 inch x 
6 foot glass tubing packed with 8O/IOO mesh Chromosorb ¥ 
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coated with 5 percent SE-30 for the detection of 1, 4, 5j 
6, 7J 8, 8-heptachloro-3a, 4, 7, 7a-tetrahydro-4, 7-
endomethanoindene (heptachlor). Conkin^. used a l/4 inch x 
5 foot stainless steel tubing packed with 60/80 mesh, acid 
washed, Chromosbrb ¥ coated with 15 percent SE-30 for the 
detection of CDAA. . 
It can be concluded from the review of literature on 
gas chromatographic columns that glass should be the best 
column tubing and that stainless steel tubing gave accep­
table results for some pesticides. The stainless steel 
tubing has the advantages over glass of less initial cost 
and less danger of breakage. Configuration of the column 
is determined by the dimensions of the oven. Long columns 
are usually coiled for compactness. To avoid kinking the 
tubing or crushing the packing the coil-to-column diameter 
ratio should be 20 to 1 or greater (21). 
It can also be concluded from the review of literature 
that two predominate liquid phases were used for the deter­
mination of chlorinated pesticide residues; namely, SE-30 
and DC-11. The inert support material used by most research 
workers was ChromosorbW. In general, the size of the • 
support material for 1/4 inch diameter columns was 40/60 
mesh and the size for I/8 inch diameter columns was 60/80 
^Conkin, E. A. St. Louis, Missouri. Herbicide residue 
analysis. Private communication. 1964. 
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and 80/100 mesh. 
Herbicide Extraction Methods 
As previously pointed out, most of the residue analysis 
work has been on plant residues and consequently most of 
the extraction methods are for extracting., pesticide resi­
dues from plant tissue. Very little work has been reported 
on the extraction of.pesticides from the soil. 
Westlake (85) reviewed 58 papers published from Novem­
ber, 1958 to October, I96O on the analysis of pesticides. 
Of 17 references on chloronated hydrocarbons (DDT, aldrin, 
dieldrin, BHC, malathion, parathion, demetron, and thiodan) 
none dealt with soil residues. 
Hannon, £t al. (39) could detect dichloropropene-
dichloropropane in solution of 100 ppm but could not extract 
the compound from soil with hexane and get a peak on a 
chromatogram. Hughes and Freed (44) extracted EPTC from 
100 gram soil samples by steam distillation. Pour hours 
was required for each extraction by this method and 15 
minutes was required per sample to obtain a chromatogram. 
A response of 5 percent of full scale of the recorder was 
obtained with as little as 10 micrograms of EPTC introduced 
into the gas chromatograph. Gutenmann and Lisk (36, 37) 
extracted 80 percent of 1, 2, 3, 4, 10, lO-hexachloro-6, 
7-epoxy-l, 4, 4a, 4a-5, 6, 7,8, 8a-octahydro-l, 4-endo-exo-
5, 8-dimethanonaphthalene (dieldrin) from a sandy soil by 
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surface extraction with hexane. The soil sample was tumbled 
with 2 milliliters of the solvent per gram of soil. The 
solvent was filtered through fast flow filter paper and an 
aliquot of this injected into the gas ohromatograph column 
for analysis. By using a Soxhlet extractor, Wesselman (84) 
extracted heptachlor from 8 grams of fertilizer with 
chloroform as the solvent. Two hours in the Soxhlet ex­
tractor were required for each sample. The extract was 
evaporated to dryness and 10 milliliters of benzene added. 
An aliquot of this was injected directly into the gas 
chromatograph. 
Bremner^ found that benzene will dissolve less organic 
matter from soil than hexane and that acetone will absorb 
2 
more water than hexane or benzene. Bonelli used a.4 to 1 
mix of hexane and benzene to extract a herbicide from soil. 
He used 10 milliliters of the 4 to 1 mix in 5 grams of soil, 
filtered the solvent through silk cloth and injected an 
aliquot into the gas chromatograph. 
^Bremner, J. M. Ames, Iowa. Solvents for extracting 
pesticides from soil. Private communication. 1964. 
•^Bonelli, E. Walnut Creek, California. Pesticide 
residue analysis with gas chromatograph. Private com­
munication. 1964. 
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EXPERIMENTAL EQUIPMENT AND MATERIALS 
The materials that were necessary for this study 
included four soil types and one herbicide. Three types 
of equipment were used; an apparatus for separating the 
soil, a gas chromatograph for the detection of the herbi­
cide, and general laboratory equipment, such as a. centri­
fuge, balances, agitators and an assortment of glassware. 
Description of Soil 
Four soils were used for this study so that the move­
ment of CDAA could be investigated in soils of different 
characteristics. Most of the tests were conducted with 
Norfolk sandy loam. This soil is native to the southeastern 
part of the United States and. is low in clay content and 
organic matter. Since it has been shown that CDAA is ab­
sorbed (30) by organic and inorganic soil colloids, this 
soil was purposely chosen for the major portion of the tests. 
The other three soils used were Ida silt loam, Colo 
silty clay loam, and Luton silty clay. Table 1 lists the 
soils used with the physical analysis, as., determined by 
Larson (50), the organic matter content, and the pH of each 
soil. The Ida silt loam was obtained from the Western Iowa 
Experimental Farm near Castana, Iowa. The Colo silty clay 
loam was obtained from the Iowa State University farms near 
Ames, The Luton silty clay is from the Luton Soil Type 
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Clay <0.002 mm (^) 12.8 16.7 32.8 51.0 
Silt (0.002 to 0.050 mm) (^) 17.0 65.7 41.3 43.5 
Sand (0.050 to 2.000 mm) (^) 70.2 17.6 25.9 5.5 
Organic matter (^) 0.5 2.0 4.9 4.4 
pH 5-3 7.3 6.5 7.1 
Experimental Farm, Sloan, Iowa. 
Description of Herbicide 
The herbicide used in this study was 2-chloro-N, 
N-diallylacetamide, commonly called CDAA. This chemical 
is available commercially in both liquid and granular forms 
under the trade name of Randox. While principally used on 
corn, CDAA has been used as a,pre-emergence herbicide on 
soybeans, flax, sugar beets, peanuts, sugar cane, sorghum, 
cranberries and ornamental shrubs. The chemical, applied 
at the rate of 2 to 8 pounds of active ingredient per acre, 
controls most annual grasses and many annual small-seeded, 
broadleaf weeds. 
The physical and chemical data of CDAA are shown in 
Table 2. CDAA is relatively volatile and soluble in water 
in comparison with most pre-emergence herbicides. It is 
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7^°C at 0.3 mm Hg 
9.4 X 10"^ mm Hg at 20°C 
Liquid at room temperature 
1.088 at 23/15.6°C 
Toxicity; 
Solvent Solution point 
Xylene 20 -4 
Kerosene 20 49 
Chloroform 50 -50 
Water 1.97 25 
Ethyl alcohol 50 -18 
Cyclohexanone 50 -50 
Chlorobenzene 50 - -50 
Hexane 20 36 
LD^„ acute oral in rats, 7OO mg/bg 
Commercial 
formulations ; (a) 20^ concentration granules 
(b) 4 lbs/gallon emulsifiable 
concentrate 
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also absorbed by both organic and inorganic soil colloid 
fractions (30). 
The CDAA granules used were a special formulation made 
for this study. The CDAA used to impregnate the granules 
was the same as the commercial grade but the granules were 
"spheres" shaped from attaclay. This was a laboratory 
attempt to produce granules that were spherical and uniform 
in size, and that contained the same amount of CDAA. 
Soil Sampling Apparatus 
The soil sampling apparatus shoi^m in Figure 1 was 
used to separate the soil around the herbicide granule. 
The soil was contained in removable tubes which are here­
after referred to in this study as soil tubes. These soil 
tubes were 3 inches long and had an inside diameter of 2 
Inches. They were made of extruded clear acrylic plastic 
that had a wall thickness of l/8 inch. Each soil tube had 
a l/8-inch false bottom. 
The soil tube was held by a rotating cylinder on the 
soil sampling apparatus. This rotating cylinder was held 
in place by six roller bearings mounted on 5/8-inch shafts. 
The bearings fit into two grooves cut into the outside of 
the cylinder. This arrangement permitted easy turning of 
the cylinder by hand and yet held the soil tube in place. 
The soil sampling apparatus had two adjusting screws, both 
Figure !.. Soil sampling apparatus 
•' Figure 2. Soil sampling apparatus with auxiliary 
tool used to convey'soil into the pan 
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with 16 threads per inch. One screw was located at the 
bottom of the cylinder and was used to elevate the soil 
in the tube. The other screw was the adjustment for the 
movable pan. The auxiliary tool shown in Figure 2 was 
used as an aid in separating the soil in the tubes. 
Gas Chromatograph 
A Milkens Model 600-3 Hy-Fi gas chromatograph, equipped 
with an electron capture detector, was used to measure the 
amount of CDAA extracted from the soil. The chromatograms 
were recorded by a Honeywell Class 15 recorder that had a 
1 millivolt, 1 second full scale response. The gas chromato 
graph with the recorder, carrier gas supply and gas bubble 
flow meter is shown in Figure 3» The Hy-Pi gas chromato­
graph contains the electrometer, column oven, heated injec­
tor block and detector that are shown in the flow diagram 
in Figure 4. 
Special syringes as shown in Figure 5 were used to 
inject the liquid samples taken from the extraction solu­
tion into the gas chromatograph. Three sizes of Hamilton 
syringes were used: 1, 5j and 10 microliter. 'The 1- and 
5-microliter syringes were the positive displacement type. 
This type of syringe had a plunger that extended to the tip 
of the needle. The 10-microliter syringe was the type with 
a plunger that extends to the end of the glass barrel and 
Figure 3. Gas chromâtograph, recorder, carrier gas supply and flow meter 
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Figure 4. Flow diagram of gas chromatograph 
Figure 'j. Microliter syringes 




thus has a "dead" space in the needle. The outside dia­
meter of the needles for the 1-, 5-» and 10-microliter 
syringes was 0.021 inch, 0.025 inch, and 0.018 inch, res­
pectively. 
To eliminate the possibility of introducing unknown 
impurities into the gas chromatograph, chromâtequality 
grades of acetone, benzene and hexane were used for estab­
lishing standards and for extracting the herbicide from 
the soil. 
Laboratory Equipment 
With the exception of the microbalance shown in 
Figure 6, the other equipment used for this study was that 
usually found in a laboratory. This included an Inter­
national clinical centrifuge with 4-place head, a recipro­
cating shaker, balances and an assortment of glassware. 
The balance necessary to this study was a gram electro-
balance that could weigh granules to the nearest microgram. 
In addition to test tubes, beakers, etc., the glassware 
requirement included 5-iiiilllliter stoppered glass flasks 
that were used in the extraction procedure. 
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PROCEDURE 
CDAA was selected as the herbicide to determine the 
herbicide distribution-from a granule into soil. Before 
the distribution tests could be conducted the soil sampling 
apparatus was developed, a method of extracting the CDAA 
from soil was determined, and'a procedure for detecting 
minute quantities of CDAA with the gas chromatograph was 
determined.. 
Detecting a Herbicide with Gas Chromatography 
Tests of columns for the detection of CDAA 
In the use of the gas chromatograph as an analytical 
tool for a given herbicide, the major problem is to deter­
mine which column parameters and column operating conditions 
best detect the given herbicide. Column parameters that 
were considered in this study included type of column tub­
ing, column diameter and length, size and type of solid 
support, and the type and amount of liquid phase. Operating 
conditions that were considered Included column temperature 
and carrier gas flow rate. 
For the column packing that was not purchased with the 
liquid phase on the solid support the following coating 
procedure was used. The desired quantity of support, about 
twice that required to fill the column to allow for attri­
tion and spills while loading, was weighed. For the 
l/8-i.nch column approximately 0.2 to 0.5 grams of packing 
were actually needed per linear foot of the column. The 
required amount of liquid phase was calculated and weighed. 
The liquid phase was dissolved.in two support volumes of 
toluene. The dissolved liquid phase was added to the 
support material. The mixture was heated and gently agi­
tated .until the packing was nearly dry and no free liquid 
was apparent. The packing was spread in a thin layer and 
air dried for 24 hours. Before filling the column, the 
packing was sieved again to remove fines and agglomerates 
produced i.n the coating procedure. 
The glass columns were purchased with the packing 
installed but for the packing the stainless steel columns 
the following procedure was used. The desired length for 
the column was cut from the straight stock of l/8-inch 
stainless steel tubing. One end of the tube was sealed and 
a funnel was attached to the other end as shown in Figure 7» 
The packing was placed in the funnel and the sealed end 
of the tube was tapped against the floor. At the same time 
a vibrator was run up and down the tubing until the tube 
was full. Approximately l/k inch of packing was removed 
from each end of the tube by blowing across the open end. 
Each end was then plugged with fine glass wool. High pres­
sure fittings were placed on each end of the tube and the 
tube was coiled around a 2-inch pipe as illustrated in 
Figure 8. To avoid possible contamination of the detector, 
Figure 7. Packing stainless steel tubing by-
using vibrograver 




the new column was then preconditioned by purging the column 
with nitrogen at ^ 0°C above the normal operating tempera­
ture for about 48 hours. 
For the detection of CDAA, tests were conducted on two 
types of column tubing, two column diameters, three column 
lengths, one type and size of solid support, and two types 
of liquid phases. A summary of the columns tested,is shown 
in Table J. Tests were conducted on the operating conditions 
Table 3« Chromatographic columns tested for the detection 
of CDAA 

















(.076 in) (.093 in) (.076 in) 
SE-30 5 5.0 X X 
SE-30 10 5.0 X 
SE-30 15 5.0 X X X 
SE-30 15 3.5 X 
SE-30 15 2.5 . X 
DC-11 5 5.0 X 
by varying the temperature between 130° and 185° Centigrade 
and by varying the flow rate from 30 to 130 milliliters per 
minute. The gas chromatograph was prepared for use as 
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described in Appendix A. When more than one oven tempera­
ture was used in a day, from 2 to 4 hours was allowed for 
the oven temperature to reach equilibrium after setting 
the temperature. The columns were tested by injecting 
standards of known amounts of -CDAA into the gas chrbmato-
graph and observing the peak height and .peak area on the, 
chromatogram. The testing of a column was continued until 
a pattern was established, or -until it was evident that the 
column would not detect CDAA, or until it was obviously 
inferior to a column previously tested. 
The standards were made by mixing a basic solution of 
0.5 grams of CDAA that was $8.8 percent pure with 2 liters 
of chromatoquality grade solvent. This produced a concen­
tration of about 250 nanograms per microliter. The exact 
weight of the CDAA in the 2 liters of solvent was determined 
by weighing the CDAA to the nearest ten-thousandth of a 
gram and by considering only $8.8 percent of the herbicide 
as pure CDAA. Ten milliliters of this basic solution- was 
pipetted into a brown glass bottle and 40 milliliters of 
pure solvent was added to produce a concentration of about 
50 nanograms per microliter. The 50-nanogram-per-milliliter 
solution was then cut by withdrawing ,20 milliliters and 
mixing it with 20 milliliters of pure solvent. Each suc­
cessive solution was cut by one half until standards of 
approximately 1 to 50 nanograms per microliter were 
obtained. 
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Since CDAA breaks down in the presence of sunlight, a 
new basic solution was made every 6 weeks and stored in 
brown bottles. A new set of standards was mixed about 
once a week. ' ' • 
Syringe tests \ ' 
Three sizes of syringes were tested for the injection 
of the liquid sample into the gas chromatograph. The 
syringes were tested by injecting the same volume of a 
CDAA standard solution into the gas chromatograph with 
each of the syringes and comparing the variability obtained 
from the chromatograms. 
Extraction Method 
After examining several extraction methods, the surface 
extraction method was selected. Tests were conducted on 
the recovery of CDAA with three different solvents. Tests 
were also conducted on the recovery of CDAA as affected by 
the length of agitation time of the solvent with the soil 
sample and on the recovery of CDAA over a period of 6 days. 
The chromatographic column used for these tests was a l/8 
inch X 5 foot stainless steel tube packed with 60/80 mesh, 
acid washed Chromosorb W coated with 15 percent SE-30. 
Test on solvents 
Acetone, benzene and a 4 to 1 mixture of hexane and 
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benzene were tested for extracting CDAA from Norfolk sandy 
loam soil. These solvents were used to extract CDAA from 
.one gram soil samples. Each sample had been treated with 
100 micrograms of CDAA. Soil samples were weighed and 
.placed in a 25-milliliter test tube. To each test tube 2 
Milliliters of solution that contained 50 micrograms of 
CDAA per milliliter of solvent was added. The test tubes 
were placed in a constant temperature-humidity room. After 
48 hours, the CDAA was extracted by transferring the soil 
to a 5-millillter stoppered flask and adding 2 milliliters 
of solvent. The soil and solvent were agitated for 30 
minutes. The solution was then transferred to a l5-milliliter 
centrifuge tube and centrifuged for 3 minutes. An aliquot 
of this solution was injected into the gas chromatograph 
and chromatograms were obtained. Peak heights and peak 
areas from these chromatograms were compared with a cali­
bration curve for determination of the percent CDAA 
recovered. 
This same test was performed on three other soil types 
at field capacity. 
Test of agitation time 
To determine the effect of the length of time of agita­
tion on the extraction of CDAA, 100 micrograms of CDAA and 
1-gram soil samples were mixed in 25-milliliter test tubes. 
The extraction method was the same as that used in the test 
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on solvents except the time of agitation was varied. The 
agitation times tried were 1Ô, 20, 30, and 60 minutes' plus 
one treatment where the soil sample was soaked in the sol­
vent overnight and then agitated for 10 minutes. 
Test of recovery rate 
Since other research workers have shown that a herbicide 
breaks down in the. soil by a combination of several pro­
cesses,. one test was conducted on the recovery rate of CDAA 
with length-Of time. For this test, 1 gram of air dried 
soil and 100 micrograms of CDAA were mixed in a 25-milliliter 
test tube. The soil samples were placed in the constant 
temperature-humidity room and no water was added to the soil 
during the exposure- time. The CDAA was extracted from soil 
samples immediately after treatment and every day for 6 days. 
The extraction method was the same as outlined in the sol­
vent test except the time of agitation was 10 minutes for 
all samples. 
Test on effect of moisture content of soil 
The following test was conducted to determine the effect 
of the moisture content of the soil on the recovery of CDAA. 
One hundred micrograms of CDAA was mixed with 1-gram soil 
samples in 25-milliliter test tubes. After 24 hours in the 
constant temperature-humidity chamber, the samples were 
divided into four groups. One group was left in the test 
tubes and the. other three groups transferred to paper cups' 
that were used in holding the soil samples after they were 
separated by the soil sampling apparatus. Of the three 
groups transferred to the paper cups, one was left dry, one 
was brought up to approximately field capacity by adding 
two drops of distilled water to each sample, and one was 
saturated with water by adding four drops of distilled 
water. The CDAA was extracted 24 hours later by the same 
method as described in the test on solvents except the 
samples were agitated 10 minutes. 
Distribution of Herbicide from a Granule into Soil 
The distribution of a herbicide from a granule into 
soil was determined by exposing a single granule in or on 
soil for a given length of time, separating the soil into 
concentric rings around the granule and measuring the 
amount of CDAA extracted'from each soil ring. 
Granule selection 
Granules were separated by sieving with a set of U. S. 
Standard screen series. Since CDAA is relatively volatile 
and breaks down in the presence of sunlight, the separated 
granules were stored in airtight containers in the dark. 
As needed, the individual granules of a given screen mesh 
size were selected by weighing to the nearest microgram on 
a Cahn Gram Electrobalance. 
51 
Preparation of soil tube 
The Norfolk sandy loam soil was sieved with a rotary 
sieve and the soil that passed through a l/4-inch wire mesh 
was used. The other three soils, Ida silt loam, Colo silty 
clay loam, and Luton silty clay were sieved through a U. S. 
Standard sieve number 8. One half of the soil from each 
•type was air dried and water was added to the other half 
of the soil to bring it approximately to field capacity. 
The measured moisture content of the four soils at approxi­
mate field capacity were; Norfolk sandy loam, ?.] percent; 
Ida silt loam, 20.5 percent; Colo silty clay loam, 22,8 
percent; and Luton silty clay, 23.7 percent. The moisture 
content of the air dried soil was less than 1 percent. The 
soils were then stored in airtight containers until they 
were used. 
The desired amount of the prepared soil was weighed 
and placed in the soil tube as shown in Figure 9- The soil 
was then compressed to the desired level with a plunger. 
The plunger left the top of the soil smoothed but with a 
mark in the center of the soil and for surface application 
the granule was placed as shown in Figure 10. 
After the individual granule was applied to the pre­
pared soil, the sample was placed in a constant temperature-
humidity room. For all tests reported in this study the , 
temperature was maintained at 70° Fahrenheit, plus or minus 
Figure 9. Method of preparing soil tubes 




2°, and at a relative tomidity of 50 percent, plus or 
minus 5 percent. 
Distilled water was used on treatments requiring water. 
The water was applied with an eyedropper at the rate of l/4 
inch per 5 minutes. Thus, 1 inch of water was applied in 
20 minutes. This prevented water from standing on the sur­
face of the soil during the application. 
Separation of soil in tubes 
After the desired exposure time, the soil tube was 
placed in the rotating cylinder of the soil sampling 
apparatus. Then the soil in the tube was elevated until 
the surface of the soil was at the top of the soil tube. 
Then the soil was raised 1/8 inch beyond the top of the 
tube by rotating the bottom screw two full turns. The 
movable pan was set opposite the inside edge of the tube, 
then moved in'towards the center of the tube l/8 inch by 
rotating the screw two turns. The soil was collected in 
the movable pan, as shown in Figure 11, and then transferred 
with the aid of the auxiliary tool to the paper cup as shown 
in Figure 12. This procedure was repeated until six rings . 
were separated from that layer. All the remaining soil in. 
that layer was then collected in the pan and transferred 
to a paper cup. This procedure was repeated for each layer. 
A cross section of the soil tube that Illustrates the layers 
Figure 11. Soil located in movable pan of soil 
sampling apparatus 
Figure 12. Removing soil from pan to paper cup 
on soil sampling apparatus 
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of concentric rings is shown in Figure 13. 
The surface applied granules were removed before 
separating the soil and placed in a stoppered glass 
flask so that the CDAA could be extracted later. The 
subsurface applied granules were placed in a stoppered 
glass flask as they were uncovered. 
Extracting CDAA from soil samples 
The soil from each paper cup was weighed to the near­
est tenth of a milligram and transferred to a 5 milliliter 
stoppered glass flask. As shown in Figure l4, a volumetric 
pipette was used to add 2 milliliters of solvent to each 
flask. The flasks were stoppered and agitated for 10 
minutes on the shaker shown in Figure 15. Then the liquid 
was transferred to a 15 milliliter glass tube and 
placed in the centrifuge shown in Figure l6, for 2 minutes 
if the solvent was benzene and for 3 minutes if the sol­
vent was acetone. The centifuge tube was stoppered with a 
cork throughout the centrifuging and until an aliquot of 
the solution was taken for injection into the gas chroma-
tograph. 
Analysis with gas chromatograph 
The gas chromatograph was prepared for use according 
to the procedure outlined in Appendix A. The column used 






Figure 13, Cross section of soil tube showing 
layers of concentric soil rings 
Figure l4. Pipette and ^ milliliter flask 
Figure 15. Agitator with stoppered flask 
Figure 16. Centrifuge 
6o 
inches) stainless steel tube packed with 60/80 mesh, acid 
washed, Chromosorb ¥ coated with 15 percent SE-30. The 
operating conditions* were: column temperature, 180° to 
185°C; Injector temperature setting, 70; and carrier gas 
flow rate of 60 milliliters per minute. 
Since the standing current was not the same each day, 
a calibration curve was obtained daily by injecting known 
amounts of CDAA into the gas chromatograph. A typical 
calibration curve is shown in Figure I7. An aliquot of the 
soil extract solution was taken directly from the 15 milli­
liter centrifuge tube with a Hamilton 10 microliter syringe 
and injected Into the gas chromatograph. The syringe was 
cleaned between each sample injection by the following 
procedure. Three beakers of the same solvent used for 
extracting "the herbicide were used. In the first beaker, 
the syringe was agitated to wash the outside of the needle. 
The syringe was flushed at least 10 times in. the second 
beaker and then at least 10 times in the third beaker. 
After the syringe was filled each time, the solvent was 
expelled outside the beaker, thus lessening the chances 
of contaminating the solvent. Also, the needle was wiped 
off with a paper tissue before proceeding from one beaker 
to the next. 
Chromatograms of each sample injection were obtained 
with the recorder at a chart speed of l/2 inch per minute. 
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The CDAA peak height was measured in millimeters from the • 
baseline to the maximum of the peak as shown on the right 
in Figure 18. The baseline is the portion of the chromato-
gram recorded when only the carrier gas emerges from the 
column which is determined by obtaining a chromatogram of 
the solvent alone as shown on the left in Figure 18. 
Data processing 
For each test a calibration curve was obtained from 
chromatograms of solutions of various concentrations of 
CDAA in pure solvent. The calibration curve; i.e., the 
plot of peak height versus amount of CDAA, was linear on 
log-log graph paper until about 30 percent of the standing 
current, was exceeded. This is illustrated in the typical 
calibration curve in Figure 17. To obtain the best fit of 
a line- in the linear range of the calibration curve, a 
regression analysis was used. The regression equation was 
obtained in the following form: 
LOG Y = A + B LOG X 
where 
Y = adjusted peak height in millimeters 
X - CDAA in nanograms 
A = intercept on vertical axis 
B = slope 
An unknown amount of CDAA contained in a sample injected 
Figure 18. Typical chromatogram of CDAA extracted 
from soil 
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into the gas chromatograph was then determined from the 
above formula by using the adjusted peak height from the 
chromatogram and solving for the value of X, the amount 
of CDAA in nanograms. Efforts were made to keep all quanti­
tative determinations within the linear range but this did 
not always happen. If the adjusted peak height was out of 
the linear range, the amount of CDAA in the sample was 
determined from the actual plot of the calibration curve 
on log-log graph paper and not the regression equation. 
The amount of CDAA in the sample was converted to the 
amount of CDAA in the soil ring by the following formula; 
, X 1000 ^ 1 ^  LjiE X s = C 
i % 1 ml % 1000 ng % ^  L 
where 
X = CDAA in sample injected in nanograms 
i = size of liquid sample injected in 
microliters 
s = extraction solvent size in milliliters 
C = CDAA in soil ring in micrograms 
The same procedure was used for determining the micro­
grams of CDAA remaining in the granules. The ppm (weight-
to-weight) of CDAA in the soil rings was determined by 
dividing the weight of the CDAA in the ring by the weight 
of the soil ring. A computer program was written to deter­
mine the regression equation from the calibration data and 
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then the ppm of CDAA in the soil rings. This program 
shown in Appendix B. 
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RESULTS AND DISCUSSION 
Soil Sampling Apparatus 
The soil sampling apparatus gave acceptable separation 
for all soils used. Approximately 30 minutes was required 
to separate eight layers from the soil tube. The soil ring 
weight varied from around 2 to 2.5 grams for the outside 
ring and from 0.2 to 0.5 grams for the center ring. This 
varied within the same soil type and between soil types, as 
well as initial soil conditions. 
Soil type 
The apparatus worked better with Norfolk and Ida soils 
than with the Colo and Luton soils. The Colo and Luton 
soils formed small clods as the soil dried. The sharp 
auxiliary tool was used to aid the cutting edge of the pan 
in separating the larger clods. Depending on their loca­
tion, small clods (approximately l/8 inch diameter) that 
could not be split were moved in or out of the path of 
the cutting edge of the pan with the auxiliary tool. The 
clod problem in the high clay content could have been worse 
if the soil had not been sieved and the large clods removed. 
Wet clay soils (Colo and Luton) tended to shrihk as they 
dried. When this occurred, the soil turned in the tube and 




Dry soil samples 
Air dry soils that received no water during the exposure 
period did not have sufficient cohesive strength to hold 
the remaining soil together after a ring was separated 
from the soil tube. Although the cutting edge of the mov­
able pan did not leave a clean cut vertical soil surface, 
care was taken to rotate the soil tube past the cutting 
edge of the pan only one complete revolution. ^This pre­
vented picking up any soil that had sloughed off after the 
cutting edge passed by. With the air dry soils, some of 
the outside ring was lost when the soil was first elevated 
beyond the top of the soil tube. 
Wetted soil samples 
The apparatus gave better separation with the treat­
ments using soils that were intially'at field capacity or 
that had water added to the soil during the exposure time 
than the soils that remained air dry during the exposure 
time. Treatments saturated by 1 inch of water presented 
no difficulty in separating but the saturated soil samples 
could not be transferred from the paper cups to the small-
mouth ^-milliliter stoppered flasks. 
Detecting a Herbicide with Gas Chromatography 
The instructions of conditioning a column stated that 
the column should be purged with nitrogen for 24 hours at a 
temperature 5,0 degrees higher than the oven temperature to 
be used during detection. This was done primarily to rid 
the column of impurities that would foul the detector. 
However, it was found that when the columns were conditioned 
for only 24 hours, CDAA gave two peaks instead of one larger 
peak. When the column was conditioned for 72 hours, CDAA 
gave à single peak on the chromatogram. Clark (l6) had 
found that as much as seven days conditioning was required 
before many columns were sufficiently stable for use. 
According to Gaston (34), the rate at which the 
tritium foil in the electron capture detector becomes con­
taminated is a function of the amount and kind of material 
passed through the cell and the cell temperature. The 
contamination of the electron capture detector is charac­
terized by a decrease in the standing current, and eventu­
ally by a temporary increase in the total standing current 
following a peak. The latter corresponds to a deflection 
of the recorder below, the zero line. Since the lower limits 
of CDAA detection is dependent on the standing current, the 
detector cell was cleaned when the current temporarily in­
creased following a peak. Although the number of.samples 
injected into the gas chromatograph varied, the detector 
cell generally was cleaned once a week. During the heaviest 
use in this study about 125 samples were injected per day 
or about 700 per week. 
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At the end of this study It was found through corres­
pondence with the manufacturer of the gas chromatograph 
that there was something wrong with the circuitry that 
measured the standing current. Therefore, the measure­
ments of the standing currents as reported in this study 
were not the true standing currents but are those actually 
measured by the recorder. However, this did not affect 
the validity of the other measurements. 
Type and diameter of column' tubing 
CDAA was not detected. with the three columns of stain­
less steel tubing that had an-inside diameter of 0.0/6 
inch. However, CDAA peaks were obtained with all columns 
that were tested using glass tubing of the same., inside 
diameter. This agreed with work reported by Beckman and 
Devenue (?) that glass tubing was superior to metal tubing 
for the detection of chlorinated hydrocarbons. The columns 
that were made of stainless steel with a diameter of 0.093 
inch gave better results than the glass column with the 
smaller diameter. 
Liquid phase 
The CDAA peaks obtained with a column using glass tub­
ing and a liquid phase of 15 percent SE-30 were not sharp 
and symmetrical. The maximum peak height came 3.8 minutes 
after injection and the total time for the pen to return to 
zero after injection was 10.6 minutes. The stainless steel 
tubing with an inside diameter of O.O93 inch had 40 per­
cent more cross sectional area than the glass tubing and 
allowed the CDAA to be carried through the column faster. 
Thus, a sharper and more symmetrical peak was obtained as 
the CDAA emerged from the column into the detector. 
The column with 10 percent SE-30 in glass tubing was 
satisfactory for determining CDAA sample sizes from 30 to 
110 nanograms. However, the CDAA peak was skewed and re­
quired the measurement of the peak areas instead of peak 
heights for determining the amount of CDAA in the sample. 
The amount of skewness was less with the 10 percent liquid 
phase than with the 15 percent liquid phase. This indicates 
that the amount of liquid phase might be reduced to obtain 
sharper peaks. 
The column with 5 percent SE-30 in stainless steel 
tubing with the larger diameter gave good sharp peaks, but 
the peak height was approximately one-half the peak height 
obtained with the 15 percent SE-30 .in the same tubing. 
The column with a liquid phase of 15 percent SE-30 in 
stainless steel tubing with an inside diameter of 0.093 inch 
performed better than the others. A typical chromâtogram 
of 4.6 nanograms of CDAA in benzene obtained with this 
column is shown on the right in Figure I9. On the left 
side of the figure is a trace made by benzene alone. With 
a good standing current, CDAA could be detected in the range 
Figure 19. Typical chromatogram of CDAA 
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of 1 nanogram of CDAA in a liquid sample size of 3 micro­
liters injected into the gas chromâtograph. 
Carrier gas flow rate and length of column 
In order to make as many determinations as possible 
per day, tests were conducted on the effect of carrier gas 
flow rate on the retention time of the CDAA peak and the 
effect of column length on retention time. Figure 20 
shows the effect of flow rate on retention time on the 
CDAA peak. Since it has been shown (31) that the column 
separation efficiency is reduced as the flow rate is in­
creased, the flow rate of 60 milliliters per minute was 
selected as the flow rate for general use in this study. 
The effect of the column length on the retention time 
of the CDAA peak is shown in Figure 21. The retention time 
was reduced by one-half by reducing the column length from 
5 feet to 2-1/2 feet. The 2-l/2-foot column was found to 
work satisfactorily with benzene as a solvent but not with 
acetone. As shown in Figure 22, acetone requires longer 
to clear the column than benzene. Since acetone 
was held by the column longer than benzene and CDAA was 
not, the peak of small amounts of CDAA was lost in the 
acetone trace when the 2-l/2-foot column was used. 
It was found that no two columns of the same materials 
performed- exactly the same. The general relationships that 
are shown in Figures 20 and 21 concerning the effect of 
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Figure 20» 
RETENTION TIME (MIN) 
Effect of carrier gas flow rate on retention 










RETENTION TIME (MIN) 
Effect of length of column on retention time 
of CDAâ peak for l/8 inch diameter column 
with gas flow rate of 60 ml/mln 
A 
Figure 22. Typical chromatogram of CDAA in two solvents 
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flow rate and column length on retention time were similar 
for all columns of 15 percent SE-30 in stainless steel 
tubing. The retention time of the CDAA peak, as deter­
mined by like columns with the same operating conditions, 
varied between 1.8 and 1.2 minutes. This was probable due 
to the different degree of compaction obtained in packing 
the columns. 
Syringe tests 
Within given limits the total volume of the solution 
Injected into a gas chromatograph has little or no effect 
on the peak height obtained (11). Only the amount of 
herbicide in the total volume affects the peak height 
within these limits. Since the column only detects the 
amount of CDAA injected, then the larger the volume of the 
liquid sample that could be injected, the smaller the con­
centration of CDAA in solution that could be detected. It 
was found that the column selected for general use in this 
study performed best with a total volume of 5 microliters 
or less. 
Beckman and Devenue (7) stated that the accuracy of a 
gas chromatograph was limited by the present type of 
syringes available. During the initial phase of this 
investigation, a 1-microliter syringe was used for all 
sample injections. A considerable amount of mechanical 
trouble was experienced with the plunger and the peak 
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heights obtained from a standard using this syringe were 
too variable for good results. In order to increase the 
liquid sample size injected into the gas chromatograph, 
two larger syringes were tried. A 5-niicroliter syringe 
also gave variable readings and the plunger gave trouble by 
"freezing" in the needle. As' shown in Table 4, a 10-micro-
liter syringe gave good results at 1-, 2- and 3-microliter 
liquid sizes. Less mechanical trouble was experienced 
with the 10-microliter size, although after considerable 
use the plunger had to be replaced. Part of the variation 
in readings by the 1- and ^-microliter syringes can be 
attributed to the fact that the liquid drawn into the 
syringe cannot be seen as it can with the 10-microliter 
syringe. With the 10-microliter syringe, the plunger could 
be worked until the syringe was free of air bubbles, but 
there was no way to check the other two sizes. 
The septums that the syringe needle had to pierce were 
made of silicone rubber and were contained in the injector 
port of the gas chromatograph at 250° Centigrade and at a 
pressure of 30 psi. It was found that the septums would 
survive approximately 100 injections with the 10-microliter 
syringe. The septums would last almost as long with the 
one microliter syringe. The septums would last from one 
to 12 injections before gas would start leaking through 
the septums when thé ^-microliter syringe was used. 
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Table 4 Variability of peak height with three syringe 
sizes (CDAA concentration 50 ng/|al) 
Liquid sample Syringe Adj. peak 
, size (|il) aize (pi) height (mm) 
1 1 48.8 
5 2 . 8  
54.4 
1 5 32.0 
37.6 
19.2 
1 10 68.0 
70.4 
73.6 
2 5 50.4 
3 6 . 0  
6 3 . 2  
2 10 90.4 
86.4 
88.8 
3 5  68.8  
7 2 . 0  




Results of solvent tests 
The results of the surface extraction tests using three 
solvents for the extraction of CDAA from Norfolk soil are 
shown in Table 5. The peak height measurements show that 
benzene extracted 93 percent as much CDAA as acetone and 
the 4 to 1 mixture of hexane and benzene extracted 69 per­
cent as much as acetone. On the basis of peak area, benzene 
extracted 89 percent as much as acetone, and the 4 to 1 
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Table 5» Results of three solvents for extracting CDAA 
from one gram of Norfolk sandy loam soil 
Adj. Area 
Peak peak under Adj. 
height height peak area 
Solvent (mm) (mm) (cm2) ( cm2 ) 
Acetone 13.2 105.6 54 432 
13.0 104.0 51 408 
12.6 100.8 43 344 
13.0 104.0 50 400 
- 13.1 104.8 50 400 
12.6 100.8 48 384 
10.9 87.2 37 296 
10.9 87.2 44 352 
Avg. 99.3 Avg. 377 
Benzene 12.6 100.8 47 376 
13.2 105.6 51 408 
13.0 104.0 44 352 
12.9 103.2 47 376 
10.0 80.0 28 224 
9.8 78.4 - 34 272 
10.5 84.0 48 384 
10.1 80.8 38 304 
Avg. 92.1 Avg. 337 
4-1: Hexane- 8.9 71.2 30 240 
benzene mix . 9:4 . 75.2 31 .248 
9.1 72.8 34 272 
9.2 73.6 29 232 
8.2 65.6 20 160 
7.8 62.4 25 200 
7.8 62.4 19 152 
8.2 65.6 20 160 
Avg. 68.6 Avg. 208 
mixture extracted only 55 percent as much-as acetone. Peak 
heights and peak areas were used in the initial test of 
this study and the results showed that the peak heights 
were as accurate as the peak areas and required less time 
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to measure. These results are similar to those that 
Hausdorff (42) found. 
The 4 to 1 mixture of hexane and benzene was no longer 
considered as a useful solvent for the extraction of GDAA. 
Both acetone and benzene were used in subsequent tests. 
Acetone extracted more GDAA from soil than benzene but 
benzene absorbed less water and organic matter from the 
soil and thus lessened the chance of contaminating or 
fouling the electron capture detector. 
The recovery of GDAA with 2 milliliters of acetone 
and benzene from three soil types containing 100 micrograms 
of GDAA per gram is shown in Table 6. All three soils were 
at approximate field capacity. 
Acetone extracted 59 percent of the GDAA from 1 gram 
of Luton soil, 6? percent from the Ida soil, and 6l percent 
from the Colo soil. 
Benzene recovered 53 percent of the GDAA from 1 gram 
of Luton soil, 73 percent from the Ida soil, and 48 per­
cent from the Colo soil. It can be concluded from this 
test that acetone was the best all-around extraction sol­
vent with respect to the percent recovery from all soil 
types, and benzene was the most useful for a particular 
soil type or for soils that contained a considerable amount 
of moisture at the time of extraction. 
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Table 6. Recovery of CDAA from three soil types containing 
100 micrograms of CDAA per gram of soil 
Initial 
moisture Adj.peak 
Soil content height Recovery 
type fo Solvent (mm) % 
Luton 23.7 acetone 
benzene 
Ida 20.5 acetone 
benzene 







































Results of test on agitation time 
The results of the test on time of agitation are shown 
in Table 7. There was no significant difference in the 
amount of CDAA recovered from one-gram of Norfolk soil 
containing 100 micrograms of CDAA between any of the treat­
ments. Apparently all of the CDAA that the solvent would 
absorb occurred in the first 10 minutes of agitation. No 
advantage was obtained by soaking the soil samples in the 
solvent overnight. In all subsequent tests an agitation 
time of 10 minutes was used. 
Results of test on recovery rate 
The results of the recovery of CDAA from one gram of 
Norfolk soil samples containing 100 micrograms of CDAA is 
shown in Table 8. The results indicate that approximately 
20 percent of the CDAA was absorbed by the soil and was not 
recovered by the surface extraction method. Although there 
were considerable differences in the percent of CDAA that 
was recovered each day, there was no trend to suggest that 
any appreciable amount of CDAA was lost over the 6-day 
period. 
Results of test on effect of moisture content of soil 
The results of the test on the effect of moisture con­
tent of soil is shown in Table 9- There was no significant 
difference in the recovery of CDAA from the dry soil that 
remained in the glass test tube the full 48 hours and the 
87 
Table 7. Recovery of CDAA from one gram of soil with two 
milliliters'Of acetone by varying the time of 
agitation 
Sample Time on CDAA 
no. agitator Recovery 
(min) (2) 
1 10 76.4' 
2 10 
. 75.7 
3 10 77.7 
4 10 74.4 
Avg 76.1 
5 20 75.0 
6 20 73.7 
7 20 74.4 
8 20 75.7 
Avg . 74.7 
9 ' 30 71.0 
10 30 74.4 
11 30 76.4 
12 30 76.4 
'Avg 74.6 
13 60 78.4 
14 6o 75.7 
15 60 76.4 
l6 6o 75.7 
Avg 76.7 
17 10^ 77.1 
18 10 75.0 
19 10 76.4 
20 10 76.4 
Avg 76.2 
^Soaked overnight before agitation. 
Table 8. Recovery of CDM. from Norfolk sandy loam soil 
with time ' 
Time after treating 
(hours) 
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Table Recovery of CDAA from wet and dry one gram soil 























Paper cup 2 field 45.6 56.7 
capacity 48.8 61.3 
52.0 66.7 
- 48.8 61.3 
54.4 71.3 
Avg. 63.5 






dry soil that was in paper cups for 24 hours before extrac­
tion. However, the recovery of CDAA from the two sets of 
samples that received moisture and then were allowed to 
dry for 24 hours was considerably less than from the dry 
soil. As Deming (30) had shown, the loss by vaporization 
was greater with the soil that received the greatest amount 
of water. 
This test on the effect of moisture content of the 
soil explained why less CDAA was recovered from soils 
receiving water during the treatment, or from soils initi­
ally at field capacity in the tests on the distribution of 
a herbicide from a granule into the soil. Whereas over 
90 percent of the CDAA was recovered from the dry soils, 
only 63 percent was recovered from the soils at field 
capacity and only 45 percent was recovered from the satur­
ated soil samples. It must be understood that at the time 
of extraction all of these soil samples were air dried by 
exposure in a constant temperature-humidity room at 70° 
Fahrenheit and 50 percent relative humidity. 
The results of this test also indicated the necessity 
of preventing the separated soil rings from drying between 
the time of separation and the extraction of the CDAA. 
Distribution of Herbicide from a Granule into Soil 
The tabular results of all the tests'on the distributic 
of CDAA from a single granule into soil are shown in 
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Appendix C. A summary of all treatments is presented in 
Table 17 of Appendix C. Representative results were 
also prepared for graphical presentation by recording the 
ppm of CDAA in appropriate rings on a cross section of the 
soil tube and by drawing lines of equal concentration at 
appropriate intervals. Although the soil held some CDAA 
that the extraction process did not remove, all results 
were presented as the amount actually detected by the gas 
chromatograph. The location of the granule and the percent 
of CDAA remaining in the granule after the selected exposure 
time are also shown in the figures of the herbicide distri­
bution from a granule. A complete summary of the deter­
minations of the CDAA remaining in the granules from each 
treatment is shown in Table 18 .of Appendix C. The summary 
of the total CDAA recovered from the soil and granule of 
each treatment is shown in Table 19 of Appendix C. 
Granule selection 
For an ideal test, granules exactly the same.size with 
the same amount of herbicide should be used. Since this 
was not possible, the first alternative was to determine 
what size granules were available and how much herbicide 
each contained. The granules used in the distribution 
studies were first separated by sieving. The, T^eights of 
24 random granules from each of three sieve sizes are shown 
in Table 10. 
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Table 10. Weight in micrograms of 24 random CDAA 
granules by mesh size 
Mesh size 
8/l6 16/20 20/25 
1 7824 1204 934.0 
2 4534 1517 454.6 
3 4398 805 385.2 
4 6612 896 574.2 
5 5952 971 357.8 
6 3968 1355 590.0 
7 3166 732 520.6 
8 5876 1102 780.8 
9 3626 755 587.2 
10 3763 664 447.6 
11 3350 1591 549.8 
12 2219 1081 420.4 
13 2581 1125 579.2 
14 3330 833 615.2 
15 2799 1121 696.0 
16 4329 2026 565.8 
17 3986 1240 595.6 
18 3970 1508 317.8 
19 5492 1332 ' 577.0 
20 4740 1055 619.2 
21 7208 1578 379.2 
22 5222 1195 663.4 
23 3769 1160 530.6 
24 3479 1134 415.4 
Average 4425 1166 548.2 
std. dev. 1417 3.5 138.3 
The 8/l6 mesh size was the predominate size and this 
size was selected for use in the herbicide distribution 
studies. There was so much variability in the weights of 
the granules within this size that individual granule 
selection had to be made by weighing granules until one was 
found in the desired weight range. 
92 
The herbicide was extracted from granules selected 
from the two larger mesh sizes to determine the variability 
of the percent CDAA in the granules. Although the granules 
were formulated as 20 percent CDAA, the 8/16 mesh size 
granules averaged 22.1 percent CDAA. The results of the 
extraction of herbicide from 29 random granules of 8/16 
mesh size are shown in Table 11. The standard deviation 
for the percent CDAA in the 8/16 mesh size granules was 
2.33 percent. Based on the extraction of CDAA from 20 
granules that were of mesh size 16/20, the average percent 
CDAA was 22.4 percent with a standard deviation of 0.55 
percent. The results of the extraction of CDAA from these 
granules is shown in Table 12. 
Within the 95 percent confidence level, the percent 
CDAA in the 8/16 mesh size granules was 22.1 + 4.77 percent 
and for the 16/20 mesh size granules, 22.4 + 1.15 percent. 
Surface application with no air movement 
The distribution patterns for five sizes of CDAA 
granules in air dried Norfolk sandy loam soil after 48 
hours are shown in Figures 23 through 27. The distribution 
patterns for five sizes of CDAA granules in Norfolk sandy 
loam soil initially at field capacity are shown in 
Figures 28 through 32. With one exception, the ppm of 
CDAA near the granule was larger in the dry soil than in 
the soil at field capacity. In that one exception, the 
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Table 11. Percent of herbicide in 20 percent CDAA 













1 3908 138.4 935 23.9 
2 4251 147.2 994 23.4 
3 3755 137.6 929 24.7 
4 3048 100.0 676 22.2 
5 3150 103.2 697 22.1 
. 6 2984 117.6 974 26.6 
7 4373 l40.8 951 21.7 
8 3575 123.2 832 23.3 
9 4345 140.8 951 21.9 
10 3160 113.6 767 24.3 
. 11 4302 125.6 830 19.3 
12 3909 122.4 809 20.7 
13 3344 115.2 762 22.8 
14 4214 127.2 841 20.0 
15 4385 133.6 883 20.1 
l6 4880 135.2 894 18.3 
17 . 3727 118.4 783 21.0 
18 4401 133.6 883 20.1 
19 3854 129.6 857 22.2 
20 2740 104.0 688 25.1 
21 2859 117.6 716 25.0 
22 3048 116.8 711 23.3 
23 4098 132.8 808 19.7 
24 3649 131.2 799 21.9 
25 4156 142.4 867 20.9 
26 4084 138.4 843 20.6 
27 3547 133.6 813 22.9 
28 3690 130.4 794 21.5 
29 3085 112.0 682 22.5 
Avg. 
rH CM CM 
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Table 12. Percent of herbicide in 20 percent CDAA 
"attasphere" granules, mesh size 16/20 
Granule Adj.peak CDAA in granule 
Granule weight height 
no. (ng) (mm) (^g) (^) 
1 1169 116.8 277 23.7 
2 1879 148.8 353 18.8 
3 1298 120.0 285 - 22.0 
4 1097 106.4 252 23.0 
5 1137 104.0 247 21.7 
6 1175 109.6 260 22.1 
7 1546 132.8 315 20.4 
8 1513 132.0 313 20.7 
9 1207. 125.6 298 24.7 
10 1222 122.4 290 23.7 
11 1250 127.2 296 23.7 
12 1092 109.6 255 23.4 
13 1128 113.6 264 23.4 
l4 1227 118.4 276 22.5 
15 1250 132.0 307 24.6 
16 1348 129.6 302 22.4 
17 1209 121.6 283 23.4 
18 1558 132.8 309 19.8 
19 1395 129.6 302 21.6 




Figure 23, Herbicide distribution from a 5396 fag granule 
in air dried Norfolk sandy loam soil 
Oppm 
INCH 
Figure 24. Herbicide distribution from a 4368 fag granule 
in air dried Norfolk sandy loam soil 
0 ppm 
Figure 251' Herbicide distribution from a 3570 fag granule 
in air dried,Norfolk sandy loam soil 
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Figure 26, Herbicide distribution from a 2772 [ig granule 
in air dried Norfolk sandy loam soil 
Figure 27. Herbicide distribution from a ll40 |ig granule 




Figure 281' Herbicide distribution from a 5333 lig granule 
in Norfolk sandy loam soil at field capacity 
0 ppm 
Figure 291' Herbicide distribution from a ^696 [ig granule 
in Norfolk sandy loam soil at field capacity 
_Oppm 
Figure 30,' Herbicide distribution from a 3285 [ig granule 
in Norfolk sandy loam soil at field capacity 
98 
0 ppm 
Figure 31. Herbicide distribution from a 2290 fig granule 
in Norfolk sandy loam soil at field capacity 
0 ppm 
I INCH 
Figure 32. Herbicide distribution from a 1212 jig granule 
in Norfolk sandy loam soil at field capacity 
- .. ^ 99 
' ppm level was the same. . In general, farm practice, herbi­
cide granules are usually applied-on the soil surface 
during the planting operation. At this time the soil 
near the surface is approximately field capacity. These 
results suggest the advantage of waiting until the soil 
surface dries before applying a granular herbicide such 
as CDAA, that is relatively volatile. 
This is further suggested by the summary of the per­
cent CDAA left in the granule after 48 hours and the per­
cent CDAA recovered from the soil as shown in Table 1]. 
Table 13. Summary of CDAA in granules and, percent 
recovered after 48 hours in Norfolk soil 
Granule CDAA left in Total CDAA 
Soil weight granule recovered 
condition (us) (2) 
Air dry 5396 41.9 92.6 
4368 36.5 69.7 
3570 19.6 50.1 
2772 18.2 53.6 
ii4o 13.7 68.8 
Field capacity 5333 18.8 37.5 
4696 5.7 41.1 
3283 0.0 13.9 
2290 0.0 13.8 
1212 3.3 12.6 
Within the sizes of granules used, the amount of CDAA 
remaining in the granules after 48 hours was much greater 
for the granules on dry soil than on moist soil. The 
larger the size of the granule, the larger percent of 
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CDAA left in the granule after 48 hours. ' The total CDAA 
recovered from the dry soil and granule was approximately 
three times that recovered from the granule and soil at 
field capacity. 
Surface application with air movement 
Figures 33 through 35 show the herbicide distribution 
from three granules in the 5000-microgram weight range that 
had a 5-5 miles per hour wind blowing across the air dried 
soil surface during the 48-hour exposure period. An aver­
age of only 25.1 percent of the CDAA was left in. the granule 
after the exposure to the wind; whereas 41.9 percent was 
left in a granule exposed to the same conditions of tem­
perature and humidity with no air movement. The total CDAA 
recovered from the soil and granule for the samples exposed 
to the wind was 47.6 percent.- This is approximately one 
half of that recovered from the granule exposed to no air 
movement. These results agree with those of Danielson (26) 
who found that air movement is a major factor in the fate 
of a surface applied herbicide. 
Subsurface application 
To investigate the herbicide distribution from a granule 
that was incorporated into the soil, granules were placed 
in air dried soil and in soil at field capacity. The herbi­
cide distribution patterns an air dried soil from granules 
placed 3/8 inch below the surface are shown in Figures 36 
101a 
26.6°/ 
Figure 33. Herbicide distribution from a 5^32 ng granule 
in air dried Norfolk sandy loam soil with a 
5,5 mph wind . 
Figure 3^. Herbicide distribution from a 5093 lig granule 
in air dried Norfolk sandy loam soil with a 
5.5 mph wind 
0 ppm 
r INCH 
Figure 35. Herbicide distribution from a 5385 |_ig granule 
in air dried Norfolk sandy loam soil with a 
5.5 mph wind 
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through 38. The herbicide distribution from granules 
placed 1/2 inch below the surface of soil initially at 
field capacity are shown in Figures 39 through 4l. The 
summary of the CDAA remaining in the granules and the 
percent of CDAA recovered after 48 hours from the granules 
and soil under two soil conditions is shown in Table l4. 
Table l4. Summary of CDAA in granules and percent re­









Air dry 8.1 67.1 
7.9 61.1 
6.8 62.5 
Average 7.6 63.6 
Field capacity 0 80.2 
0 73.5 
0 63.9 
Average 0 73.2 
After the 48-hour exposure period, the granules in the 
air dry soil had an average of 7.6 percent CDAA remaining, 
but the. granules in the moist soil did. not have a measur­
able amount left. An average of 63.6 percent CDAA was 
recovered from the air dry samples. An average of 73*2 
percent of the CDAA was recovered from the samples at 
field capacity. 
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Figure 36. Herbicide distribution from a 53^3 US granule 
3/8 inch deep in air dried Norfolk sandy loam . 
soil 
Figure 37, Herbicide distribution from a 5628 fig granule 




Figure 38. Herbicide distribution from a 55^2 ^ g granule 




Figure 39. Herbicide distribution from a 5701 lig granule 
l/2 inch deep in Norfolk sandy loam soil at 
field capacity 
Figure 40. Herbicide distribution from a 52l6 |ig granule 
1/2 inch deep in Norfolk sandy loam soil at 
field capacity 
0 ppm 
Figure 4l. Herbicide distribution from a 5587 lig granule 
1/2 inch deep in Norfolk sandy loam soil at 
field capacity 
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It can be concluded from these tests that the CDAA 
movement was a result of either gaseous diffusion of the 
CDAA through the soil pores or that the CDAA used water 
vapor as a vehicle for movement. Since the soils were 
exposed to a constant humidity of 50 percent, the air dry 
soil picked up moisture and the water vapor movement was 
downward. The soils initially at field capacity had a soil 
air humidity of near 100 percent and, as the soil dried, 
the vapor movement was upward. 
Soil type 
In addition to the Norfolk soil, three Iowa soils were 
used to determine the effect of soil types on herbicide 
distribution. These tests were conducted with the soil 
initially at field capacity and a dry bulk density of 
approximately 55 pounds per cubic foot or 0.9 grams per 
cubic centimeter. Examples of the herbicide distribution 
in each of the three soil types are shown in Figures 42 
through 44. The amount of herbicide as shown in ppm is 
that actually detected by the gas chromatograph. It was 
shown that the soils high in clay and organic matter con­
tent have a greater affinity for holding the herbicide and 
thus the extraction process does not recover the same 
amount from the different soils. 
The percent CDAA left in the granule after 48 hours 
was practically the same for all soil types, but the 
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0 ppm 
Figure 42, Herbicide distribution from a 5292 |ig granule 
in Colo silty clay loam soil at field capacity 
I INCH 
Figure 4]. Herbicide distribution from a 53^1 lig granule 
in Luton silty clay soil at field capacity 
I NCH 
Figure 44, Herbicide distribution from a 5321 [ig granule 
in Ida silt loam soil at field capacity 
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percent CDAA recovered from the soil and granule varied 
from 35 percent for the Ida soil to 20.4 for the Luton soil. 
Since these soils were initially at field capacity, it was 
not known how much of the CDAA was lost by evaporation or 
how much CDAA that could not be extracted was held by the 
soil. 
Surface application with simulated rainfall 
The results of simulated rainfall on the herbicide 
distribution from surface applied granules are shown in 
Figures 45 through 52. The treatments that received 1/4 
inch of water were separated 24 hours after the application, 
but those treatments that received 1 inch of water were not 
separated until 48 hours after the application because 
they were too wet to handle in the extraction procedure 
after 24 hours. These tests .continued to show that more 
CDAA was in the dry soil at the time of separation. For 
instance, the 6 ppm level was found at a greater depth in 
the soils that were dry than in those soils that were initi­
ally at field capacity. This indicated that more of the 
CDAA was lost by evaporation from the moist soils during 
the 24 hours before the water was applied. A summary of 
the percent CDAA recovered from the treatments are shown 
in Table 15. 
107 
I INCH 
Figure 45. Herbicide distribution from a 5817 |ig granule 
in air dried Norfolk sandy loam soil with 
l/4 inch water application 
Figure 46, Herbicide distribution from a 5244 |ig granule 
in air dried Norfolk sandy loam soil with 
1/4-inch water application 
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Figure 4?. Herbicide distribution from a 5928 |ig granule 
in Norfolk sandy loam soil at field capacity 




Figure 48, Herbicide distribution from 5056 |ig granule 
in Norfolk sandy loam soil at field capacity 
with l/4 inch water application 
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I INCH 
Figure 4$i Herbicide distribution from a 5^95 t_ig granule 
in air dried Norfolk sandy loam soil two days 
after application of 1 inch of water 
I INCH 
Figure 50. Herbicide distribution from a 5^25 |ag granule 
in air dried Norfolk sandy loam soil two days 




Figure 51. Herbicide distribution from a 5785 US granule 
in Norfolk sandy loam soil at field capacity 
two days after application of 1 inch of water 
Figure 52. Herbicide distribution from a 5156 |_ig granule 
in Norfolk sandy loam soil at field capacity 
two days after application of 1 inch of water 
Ill 
Table 15o Summary of CDM recovered from treatments with 
water applications 
Initial soil Water CDAA in CDAA Days after 
condition added granule recovered water applied 
(in. ) (^) 
Air dry , , 1/4 T 19.1 1 
1/4 T 26.6 1 
Field capacity 1/4 T 13.1 1 
1/4 T 22.4 1 
Air dry 1 T l6.l 2 
1 T i4 .o  2 
Field capacity 1 T 15.1 2 
1 T 12.7 2 
In order to get some idea how long the CDAA remained 
in the soil while drying, two treatments received 1/4 inch 
of water and were separated 4 days later. . The results of 
this test are shown in Figures 53 and 54. The CDAA re­
covered from the soil that was initially dry was 6.6 percent 
and from the soil that was initially at field capacity, 
2.4 percent. This indicated that as long as the soil 
continues the drying process the CDAA evaporation loss 
continues. 
General discussion 
Although variable results were obtained within a given 
treatment, the results indicate the CDAA loss from the sur­
face of a soil was affected by air movement, initial soil 





Figure 53• Herbicide distribution after 5 days from a 
5303 [ig granule in air dried Norfolk sandy 





Figure Herbicide distribution after 5 days from a 
5^15 lag granule in Norfolk sandy loam soil 
at field capacity with l/4 inch water 
application 
113 
CDAA loss in various treatments, a summary of the percent 
of CDAA in selected soil rings after surface applied 
granules were exposed for 48 hours on a Norfolk sandy loam 
soil is shown in "Table 16. Less CDAA was recovered from 
Table. l6. "Comparison of CDAA concentration in ppm in 
selected soil rings for surface applied granules 
_ . , . . „ ' , ; CDAA concentration 
Initial Granule ; ; : 
soil weight Special Layer 1 Layer 
condition. „ (^gX condition Ring 1 Ring 3 Ring 1 Ring 3 
Air dry . 5396 No air 
movement 
327 l4 157 26 
Field 
capacity 
5333 No air 
movement 124 26 124 31 
Air dry 5432 5.5 mph 
wind 
266 13 37 21 
Air dry 5817 1/4 inch 
water 
13 10 7 6 
P.C 5928 1/4 inch 
water 
10 6 6 6 
from the soil initially at field capacity than from the 
soil that was air dried at the start of the exposure time. 
Less CDAA was recovered from the soil that had a breeze 
during its exposure time than from the dry soil with no . 
air movement. Even less CDAA was found 24 hours after a 
simulated rain in the top 1/4 inch of the soli. 
These results indicate that if CDAA granules are 
applied on the soil surface, more CDAA will find its way 
into the soil if the granules are applied after the soil 
Il4 
surface Is dry.and If the soil surface has not been sealed 
by a packing wheel or a rain. However, the results of the 
test on granules applied beneath the soil surface indicate 
that the best herbicide distribution would be obtained by 
incorporating the granules in the soil. 
The results of this investigation indicate that the 
distribution patterns of a herbicide from a granule into 
the soil can be effectively studied with the aid of a gas 
chromatograph equipped with an electron capture detector. 
With proper facilities, the "sphere of influence" of a 
herbicide granule could be determined for various environ­
ment conditions as well as for various sizes, shapes, and 
types of granules and for herbicides with various charac­
teristics of volatility, solubility, etc. The weed control 
research worker can use the method developed in this study 
to evaluate the distribution patterns from granular herbi­
cides and make better recommendations with respect to size 
and number of granules per area necessary for good weed. 
control. The agricultural engineer could use this method 
to specify the performance required of a granular herbi­
cide distributor to obtain good weed control. 
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LIMITATIONS OF THIS STUDY 
AND SUGGESTIONS FOE FUTURE RESEARCH 
This study was conducted with one herbicide that was 
exposed to one temperature and humidity condition. Most 
of the herbicide distribution tests were conducted on one 
soil type. A limited number of tests were conducted on 
three other soil types. During the course of this study 
the temperature in the laboratory containing the gas 
chromatograph varied from a low of 51° to a high of 95° 
Fahrenheit with the daily temperature often varying as 
much as 20° Fahrenheit during a test. Since the gas 
chromatograph is sensitive to temperature changes this 
could account for some of the variability of some of the 
CDAA determinations. 
• A research program is suggested to continue the study 
of the relationship of the distribution pattern of a herbi­
cide from a granule into soil with various environmental 
conditions, soil types, and different herbicides. Since 
the response of the gas chromatograph is sensitive to tem­
perature changes, laboratory facilities of constant tem­
perature and humidity should be made available. The ex­
traction method used in this study required a minimum of 
laboratory equipment. Better extraction methods could be 
developed with more elaborate laboratory facilities and 
additional equipment. A long range research program to 
Il6 
continue this study, or to work on other soil or water 
a 
residue problems, should have a laboratory with access to 
steam, compressed air, gas, and vacuum outlets. Additional 
laboratory equipment necessary would include an exhaust 
hood, an automatic pipetting apparatus, and a Soxhlet 
extractor. A complete research program on the distribu­
tion of a herbicide from a granule into soil would also 
require the use of environmental control chambers for 
exposing the soils and granular herbicides to various 
climatic conditions. 
In addition to acquiring the additional general labora­
tory equipment, the following equipment should be .developed 
or improved for future research; 
1. Develop an apparatus to hold the soil tubes and 
maintain a tension on the soil moisture so that drainage 
similar to field conditions could be obtained. 
2. Improve the soil sampling apparatus to permit the 
separation of the soil in the center of the tube into 
smaller rings. 
With reference to the method of detection of a herbi­
cide with the gas chromatograph, the following specific 
projects are suggested; 
1. Improvement of the sensitivity of the detection 
method by investigating other chromatographic column para­
meters. Based on results obtained in this study, the 
author would suggest the investigation of glass tubing with 
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an inside diameter of O.O96 inch with 5j 10 and 15 percent 
SE-30 as the liquid phase for the detection of CDAA. 
2. Investigate other liquid phases, in particular, 
QP-1, for the detection of other herbicides. 
3. Investigate the internal standard method suggested 
by Bay (64). The sensitivity of the electron capture 
detector is directly related to the standing current and 
the standing current of the detector is affected by impuri­
ties that are elutriated from the column which may "foul" 
the detector. The use of the internal standard would eli­
minate errors associated with the standing current chang­
ing during a test. 
In addition to the suggestion of an expanded general 
research program on the effect of environmental conditions 
on the distribution of herbicides from "a granule, the follow­
ing specific areas of research for future study are sug­
gested. 
1. Establish a relationship between the degree of • 
weed control and the concentration of herbicides as measured 
by the gas chromâtograph. 
2. Using sealed soil tubes, investigate the movement 
of a relatively volatile herbicide like CDAA to determine 
if it is distributed in the soil by gaseous diffusion or 
by the movement of water vapor in the soil pore spaces. 
3. Investigate the distribution of herbicides that 
have different characteristics of volatility and solubility. 
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4. Investigate the distribution of herbicides from 
different granule carriers. 
5. 'Investigate the herbicide distribution as affected 
by soil pore size with respect to soil compaction and sur­
face conditions obtained by different types of planter 
press wheels. 
6. Investigate the rate of release of a herbicide 
from granules of different sizes. 
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SUMMARY AND CONCLUSIONS 
One of the recent Innovations to the rapidly expand­
ing chemical weed control field has "been granular herbicides. 
The development of application equipment for granular herbi­
cides has been based on weed control obtained under field 
conditions. Some attempts have been made to determine the 
number of granules needed per unit of soil area of various 
compounds and formulations for adequate weed control but 
erratic and unexplainable results have made field evalua­
tions difficult. With the information now available speci­
fications cannot be determined for metering and the dis­
tribution of granular herbicides on or in the soil neces­
sary for satisfactory weed control. 
Uniformity of distribution of these granular herbi­
cides is important but the number of granules required per 
unit area is influenced by the movement of the herbicide 
into the soil. In addition to having little information 
available on the movement of a herbicide from granules 
into the soil, the methods and techniques of measuring 
this distribution have not been available. 
The purpose of this study was to investigate the use 
of the gas chromatograph with an electron capture detector 
as a means to determine minute quantities of a herbicide 
in a limited size soil sample; to determine an extraction 
method of removing the herbicide from the soil; to devise 
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a mechanical sampling apparatus for taking soli samples 
consisting of layers of small concentric rings from a 
cylinder of soil; and to see if these methods could be 
combined to determine the distribution of a herbicide from 
a single granule into soil. 
The granules used in this study were shaped from 
attaclay and impregnated with 20 percent (weight-to-weight 
basis) of 2-chloro-N,N-dlallylacetamlde (CDAA). Using a 
Milkens Model 600-3 Hy-Fi gas chromatograph with electron 
capture detector, nine chromatographic columns were tested 
at various operating conditions for their sensitivity to 
detect CDAA. Tests were conducted to determine the best 
of three solvents used with the surface extraction method 
for extracting CDAA from small soil samples. Measurements 
were made on the distribution of CDAA from a granule into 
four soil types that were intially at field capacity. 
Measurements were also made on the effect of initial soil 
condition, air movement and surface.applied water on the 
CDAA distribution from a granule into à sandy loam soil. 
The distribution of herbicide from a granule applied 
below the soil surface was determined for two soil condi­
tions . 
The following conclusions can be drawn from this study: 
1. After 48 hours, granules applied on soil surfaces 
initially at field capacity had lost by'vaporization three 
times as much CDAA as from the surface of air dry soil. 
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2. More CDAA was lost from treatments of granules on 
soil surfaces that were exposed to a slight breeze than 
from similar treatments with no air movement. 
3. CDAA was found to move into the soil without the 
aid of surface applied water. 
4. The movement of CDAA from a granule incorporated 
in the soil appeared to be the result of either gaseous 
diffusion or of water vapor acting as a vehicle for 
transporting the CDAA. 
5. The results of this study Indicate that less CDAA 
was lost by vaporization by incorporating CDAA granules 
into the soil. 
6. Information can be obtained for granular applicator 
design specifications by using the method developed in this 
study for determining the distribution of a herbicide from 
a granule for various environmental conditions and types 
and sizes of granules. 
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Appendix A. Operating Procedure 
for Gas Chromâtograph - Wilkens Model 600-C 
The following procedure was followed in preparing the 
gas chromatograph for use; 
1. The day before a test was to be conducted, the 
column was installed „and the oven turned on. The oven 
heater was set so that the heater remained on approximately 
90 percent of the time. The injector temperature was set 
so that it was 50 to 100°C above the oven temperature. 
A carrier gas flow rate of about 5 ml per minute was run 
through the column during this time. (Note; The recorder 
and electrometer were not turned off except for shutdowns 
of 1 week or longer.) 
2. At the beginning of the day that the test was to 
be conducted, a clean pyrex injector insert and a new 
injector septum were installed. 
3. The gas flow rate was set by adjusting the pres­
sure regulator and measuring the flow rate with the gas 
bubble flow meter. 
4. The zero of the recorder was checked by shorting 
out the input, and the zero adjustment made on the re­
corder if necessary. 
5. About 30 minutes was allowed for the flow rate to 
stabilize and then the electrometer was balanced as 
follows; 
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a. Disconnect anode plug. 
b. Place cell voltage switch in OFF-EC VOLTAGE 
position. 
c. Tarn BUCKING voltage to full counter clock­
wise position. 
d. Set range switch to EC 1. 
e. Set attenuation switch to 1. 
f. INITIAL BALANCE was adjusted so that recorder 
pen was at zero. The baseline was observed 
for several minutes to verify stability. 
A 1 percent noise or drift was acceptable. 
g. Electrical zero on the recorder was verified 
by changing the attenuation positions 1 through 
128. If deflection from the recorder zero 
was observed, the INITIAL BALANCE was re­
adjusted to obtain no deflection when the 
attenuation was switched. 
h. The attenuation was set on 4 and the range 
switch rotated from EC 1 to EC 10. If 
deflection was observed, the INITIAL BALANCE 
was readjusted to obtain no deflection when 
the range switch was rotated. 
6. After the electrometer was balanced and with the 
cell voltage switch still in the OFF-EC VOLTAGE .position, 
the electron detector cell was adjusted as follows; 
' 135 
a. The range switch was placed at EG 10 and 
the attenuation switch at 8. 
b. Using the BUCKING voltage adjustment, the 
recorder pen position was set to 80 percent 
of full scale. 
c. The anode plug was connected. 
d. The cell voltage switch was placed in the EC 
VOLTAGE position and the standing current 
observed by multiplying the lines of 
deflection times the attenuation factor of 8. 
e. About 30 minutes was required for the stand­
ing current to establish equilibrium. 
f. After the standing current reached equilibrium, 
the recorder pen was adjusted to zero position 
by using the BUCKING voltage control with the 
attenuation at 1 and the range at EC 1. 
g. The desired combination of range and attenua­
tion was selected for the sensitivity required 
and the gas chromatograph was ready for use. 
7. At the completion of a test, the following proce­
dure was followed; 
a. Cell voltage switch was turned to OFF. 
b. Anode plug was disconnected. 
c. Recorder drive was turned off. 
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Plow rate of carrier gas was adjusted to 
deliver approximately 5 ml per minute of 
gas. 
The end of the column entering the detector 
cell was disconnected. 
The oven temperature was set for the next 
day's test. 
The power switch to electrometer and the 
recorder was left on except for shutdowns 
of 1 week or longer. 
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Appendix B. Computer Program for Determining the 
Concentration of CDAA in Soil 






















THERE ARE TWO METHODS OF INDICATING THE ALPHA AND BETA 
IN THE REGRESSION EQUATION 
1. BY USING CALIBRATION DATA 
2. IP YOU DO NOT WISH TO USE CALIBRATION DATA AND 
HAVE VALUES FOR ALPHA AND BETA, USE THE FOLLOWING 
PROCEDURE— IN THE FIRST OBS CARD OF THE SET 
A. PUNCH IN COLUMN 4 — 1 
B. PUNCH IN COLUMNS 6I-65 THE VALUE FOR ALPHA 
C. PUNCH IN COLUMNS 66-70 THE VALUE FOR BETA 
SET UP LITERALS IN DOUBLE-DIGIT FORM—CAL, OBS, END 
ICAL = 6361730000 
IDB8 = 7662820000 
lEND = 65756^0000 
SET UP TAPES -
IN = DATA-INPUT TAPE 
10 = LISTING-OUTPUT TAPE 
IPIT = SYSTEMS INPUT TAPE 
IPDT = SYSTEMS OUTPUT TAPE 
IN = 1 
10 = 2 
IPIT = 1 
IPOT = 2 
IF(IN - IPIT) 10, 20, 10 
10 REWIND IN 
20 IP(IO - IPOT) 30, 40, 30 
30 REWIND 10 
c 
c SET SENSE LIGHTS 
C 
40 SENSE LIGHT 1 
SENSE LIGHT 2 
C 
C INITIALIZE VARIABLES FOR THIS DATA SET 
C 
•SMLGX = 0.0 
SMLGY = 0.0 
SLGX2 = 0.0 
SLXLY = 0.0 
YMAX =0.0 
CAL = 0.0 
KLAYR = 0 
C 
KTUBE = -999 G 
\o 
C SKIP TO A NEW PAGE FOR EACH NEW DATA SET 
C 
WRITE ( 10, 950 ) 
950 FORMAT ( IHl ) 
C 
C READ IN A DATA CARD—FROM TAPE IN 
C 
50 READ( IN, 901 ) ITYPE, NOCAL, IDATE, ILAYR, IRING, ATTEN, PKHT, 
ISCDAA, RGWT, SMPSZ, SOLSZ, ALPH , BET , ITUBE 
901 FORMAT ( A3, II, l6, 215, F5.0, F5.1, F10.2, F10.4, 4F5.0, 110) 
C 
C FORM THE ADJUSTED PEAK HEIGHT 
C 
ADKJPK = ATTEN PKHT 
C 
C IF THIS IS THE FIRST CALIBRATION CARD FOR THIS DATE, 
C SET KDATE = IDATE 
C 
IF(SENSE LIGHT 1) 70, 60 
C 
C CHECK DATE OF INCOMING CARD 
C 
60 IF(IDATE - KDATE) 50, 80, 50 
70 KDATE = IDATE 
C 
C IS THIS CARD A CALIBRATION CARD 
C 
80 IP(ITYPE - ICAL) 100, 90, 100 
C 
C IS THIS CARD AN OBSERVATION CARD 
C 
100 IF(ITYPE - lOBS) 110, l40, 110 
C 
C IS THIS CARD AN END CARD m 
C ^ 
- 110 IF(ITYPE - lEND) 250, 40, 250 
C 
C PERFORM TRANSFORMATIONS ON DATA AND ACCUMULATE SUMS 
C 
90 CAL = CAL + 1.0 
YMAX = MAXIF(YMAX, ADJPK) 
XLG = LOGF(SCDAA) 
YLG = LOGF(ADJPK) 
SMLGY = 'SMLGY + YLG 
SMLGX = SMLGX + XLG 
SLGX2 = SLGX2 + XLG * XLG 
SLXLY = SLXLY + XLG YLG 
GO TO 50 
C 
C IF THIS IS THE FIRST OBS CARD CHECK TO SEE HOW FIT IS 
G OBTAINED -
C NOCAL = 0 INDICATES COEFFICIENTS ALPHA, BETA 
C OF THE REGRESSION EQUATION CALCULATED 
C FROM CALIBRATION DATA 
c NOCAL = 1 INDICATES THESE VALUES ARE PRESENT IN 
C THE FIRST OBS CARD OF THIS SET 
C 
160 XBAR = SMLGX/CAL 
YEAR = SMLGY/CAL 
BETA = (SLXLY - XBAR * SMLGY) / (SLGX2 - XBAR ^  SMLGX) 
ALPHA = YEAR - BETA * XBAR 
C 
C WRITE OUT THE REGRESSION EQUATION 
C 
WRITE (10, 952) 
952 FORMAT ( IHO lOX 27HUSING THE CALIBRATION DATA ) 
GO TO 180 
170 NCHK = 1 
ALPHA = ALPH 
BETA = BET 
180 WRITE ( 10, 953 ) ALPHA, BETA 
953 FORMAT ( 40 X 27HTHE REGRESSION EQUATION IS / / 27 X 9HL0GY = PI5.8 
1,4H + FI5.8, 3H » 4HL0GX ) 
C 
C IGNORE ANY Y VALUES (ADJ. PK. HT.) GREATER THAN THE 
C MAXIMUM CALIBRATION Y VALUE 
C 
190 IF(NCHK) 200, 195, 200 
195 IF(YMAX - ADJPK) 50, 200, 200 
C 
C CHECK FOR ZERO ADJUSTED PEAK HEIGHT 
C 
200 IF(ADJPK) 205,202, 205 
202 X = 0.0 
CDAA = 0.0 
PPM =0.0 
GO TO 207 
C 
C SOLVE FOR X (NG, FROM CHART) 
205 X = EXPP((LOGF(ADJPK) - ALPHA) / BETA) 
C 
C SOLVE FOR CDAA IN MICROGRAMS 
C 
CDAA = (X * SOLSZ) / SMPSZ 
C 
C 
^ PPM = CDAA/RGWT 
207 iF(KTUBE - ITUBE ) 210, 220, 210 
C 
C WRITE NEW TUBE NUMBER AND DATE,'CHECK LAYER NUMBER 
C 
210 KTUBE = ITUBE 
WRITE ( 10, 954 ) KTUBE, KDATE 
954 FORMAT (/// lOX 12HTUBE NUMBER 110, 5X 5H FOR l6 /// 
1 3X 5HLAYER 3X 4HRING 6X 12HADJ. PK. HT. 3X 14HNG. PROM CHART 5X 
2 IIHCDAA IN UG. 3X 13HS0IL RING WT. 5X IIHCDAA IN PPM 2X 
3 9HSMPL. SZ. 2X 9HS0LV. XZ. ) 
220 IF(KLAYR - ILAYR ) 230, 240, 230 
230 KLAYR - ILAYR 
WRITE ( 10, 955 ) 
955 FORMAT (IH ) 
240 ISOLS = SOLSZ 
ISMPS = SMPSZ 
WRITE ( 10, 956) ILAYR, IRING, ADJPK, X, CDAA, RGWT, PPM, ISOLS,' 
1 ISMPS 
956 FORMAT ( 217, 5P17.8, 218 ) 
GO TO 50 
WRITE OUT ERROR MESSAGE AND READ THE NEXT CARD 
250 WRITE ( 10, 951) ITYPE 
951 FORMAT^ ( IHO lOX 34HCARD TYPE ERROR. TYPE PUNCHED AS A3 ) 
GO TO 50 
END 
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Appendix C. Data for Computing CDAA 
Concentration in Soil 
Table 1?. Schedule of treatments 
Initial Date Amount of Da^e Depth 
Tube Granule soil granule water water Date soil of 
no. weight Soil type condition applied applied applied separated granule 
2 5396 Norf oik Air dried 23 Sep. 0 26 Sep. Surface 
3 4368 Norfolk Air dried 28 Sep. 0 30 Sep. Surface 
4 3570 Norfolk Air dried 1 Oct. 0 3 Oct. Surface 
5 2772 Norfolk Air dried 2 Oct. 0 4 Oct. Surface 
6 1140 Norfolk Air dried 30 Sep. 0 2 Oct. Surface 
8 5333 Norfolk 7.3#M.C. 24 Sep. 0 26 Sep. Surface 
9 4696 Norfolk 7.3#M.C. 29 Sep. 0 1 Oct. Surface 
10 3285 Norfolk 7.3#M.C. 1 Oct. 0 3 Oct. Surface 
11 2290 Norfolk 7.3#M.C. 2 Oct. 0 4 Oct. Surface 
12 1212 Norfolk 7.3#M.C. 30 Sep. 0 2 Oct. Surface 
13 5817 Norfolk Air dried 30 Oct. 1/4" 4 Oct. 5 Oct. Surface 
i4 5065 Norfolk Air dried 3 Oct. 1/4" 4 Oct. 5 Oct. Surface 
17 5928 Norfolk 7.3#M.C. 4 Oct. 1/4" 5 Oct. 6 Oct. Surface 
18 5056 Norfolk 7.3#M.C. 4 Oct. . 1/4" 5 Oct. 6 Oct. Surface 
19 5495 Norfolk Air dried 7 Oct. 1" 8 Oct. 10 Oct. Surface 
21 5425 Norfolk Air dried 7 Oct. 1" 8 Oct. 10 Oct. Surface 
34 5303 Norfolk Air dried 4 Oct. 1/4" 5 Oct. 9 Oct. Surface 
35 5415 Norfolk 7.3# M.C. 4 Oct. 1/4" 5 Oct. 9 Oct. Surface 
36 5785 Norfolk 7.3# M.C. 12 Oct. 1" 13 Oct. 15 Oct. Surface 
38 5156 Norfolk 7.3# M.C. 12 Oct. 1" • 13 Oct. 15 Oct. Surface 
39 5244 Norfolk Air dried 5 Oct 1/4" 7 Oct. 8 Oct. Surface 
40 5084 Norfolk Air dried 6 Oct. 1" 7 Oct. 8 Oct. Surface 
4l 5343 Norfolk Air dried 14 Oct. 0 16 Oct. 3/8" 
42 5628 Norfolk Air dried l4 Oct. 0 16 Oct. 3/8" 
43 5562 Norfolk Air dried 14 Oct. 0 16 Oct. 3/8" 
44 5701 Norfolk 7.3# M.C. 15 Oct. 0 17 Oct. 1/2" 
45 5216 Norfolk 7.3# M.C. 15 Oct. 0 17 Oct. 1/2" 
46 5587 Norfolk 7.3# M.C. 15 Oct. 0 17 Oct. 1/2" 
47 5432 Norfolk Air dried 17 Oct. 0 19 Oct. Surface 
^Light breeze (approximately 5-5 mph wind) applied during exposure time. 
Table I?. (Continued) 
Initial Date Amount Date Depth 
Tube Granule soil granule water water Date i soil of 
no. weight Soil type condition applied applied applied separated granule 
^1-8 5093 Norfolk Air dried 17 Oct. 0 19 Oct. Surface^ 
Surface 49 5385 Norfolk Air dried 17 Oct. 0 19 Oct. 
52 5292 Colo 22.8# M.C. 18 Oct. 0 20 Oct. Surface 
53 5746 Colo 22.8# M.C. 18 Oct. 0 20 Oct. Surface 
55 5361 Luton 23.7# M.C. 19 Oct. 0 21 Oct. Surface 
57 5231 Luton 23.7# M.C. 19 Oct. 0 21 Oct. Surface 
58 5311 Ida- 20.5# M.C. 20 Oct. 0 22 Oct. Surface 
6o 5321 Ida 20.5# M.C. 20 Oct. 0 22 Oct. Surface 
93 4778 Norfolk 7.3# M.C. 29 Oct. 0 1 Oct. Surface 
Table 18. Calculations for amount of .CDAA remaining in granules after treatment 
CDAA 
Granule Solvent Sample Adj.peak CDAA in CDAA in granule 
remaining 
in 
Tube weight size size height sample Before After granule 
no, (gms) (ml) (til) (mm) (ng) (ug) (us) (^) 
2 5396 10 3 79.2 135.6 1079.2 451.95 41.9 
3 4368 , 20 3 22.0 47.81 873.6 318.63 36.5 
4 3570 2 3 144.8 714.0 139.99 19.6 
5 2772 4 3 63.2 75.53 554.4 100.66 18.2 
6 1140 . 10 3 10.0 9.37 228.0 31.33 13.7 
8 5333 10 ,3 46.0 60.05 1066.6 200.31 18.8 
9 4696 2 / 3 40.8 80.21 939.2 53.46 5.7 
10 3285 2 .. 3 0 0 657.0 0 0 
11 2290 2 ' 3 0 0 485.0 0 0 
12 1212 4 3 6.4 5.97 242.2 8.00 3.3 
13 5817 " 4 3 6.0 2.16 1163.4 2.93 T 
14 5065 4 3 T 1013.0 T 0 
17 5928 2 3 3.0 1.17 1185.6 0.80 T 
18 5056 2 3 1.4 0.469 1011.2 0.33 T 
19 5495 2 3 6.8 0.52201 1099.0 1.13 T 
21 5425 2 3 4.6 1.02 1085.0 0.67 T 
34 5303 2 ' 3 9.8 2.45 1060.6 1.67 T 
35 5415 2 3 3.2 0.587 1083.0 0.40 T 
36 5785 2 3 2.4 2.52 1157.0 1.67 T 
38 5156 2 3 1.4 l.4l 1031.2 0.93 T 
39 5244 2 3 3.2 1.05 1048.8 0.73 T 
4o 5084 2 3 4.4 1.50 1016.8 1.00 T 
4l 5343 2 3 87.2 129.3 1068.6 86.19 0.1 
42 5628 2 3 88.0 130.2 1125.6 86.79 7.7 
43 5562 2 3 73.6 112.7 112.4 75.13 6.8 
44 5701 5 3 0 0 1140.2 0 0 
45 5216 2 3 T T 1043.2 T 0 
46 5587 2 3 T T 117.4 T 00 






























48 5093 10 3 45.6 76.55 1018.6 255.31 25.1 
49 5385 10 3 45.6 76.55 . 1077.0 255.31 23.7 
52 5292 5 3 116.8 94.00 1058.4 156.66 14.8 
53 5746 5 3 137.6 150.00 1149.2 249.99 21.7 
55 5361 5 3 121.6 80.00 1072.2 133.33 12.4 
57 5231 5 3 128.8 85.00 1046.2 141.66 V 13.5 
58 5311 5 3 137.6 105.00 1062.2 174.99 16.5 
60 5321 5 3 133.6 100.00 1064.2 166.67 . 15.7 
93 4778 10 3 37.6 73.56 955.6 245.31 25.7 
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Table 19. Total recovery of CDAA from soil and granule 
CDAA recovered Total CDAA 
from recovered 
no. soil granule (^g) {%) 
(pg )  ( l ag )  
2 • . 547.13 451.95 999.08 92.6 
3 . 290.42 318.63- 609.05 69.7 
4 217.92 139.99 357.91 50.1 
5 195.49 100.66 296.15 53.6 
6 •• 125.61 31,33 156.94 68.8 
8 199.30 200.31 399.61 37.5 
9 332.74 53.46 386.20 41.1 
10 91.58 0.00 91.58 13.9 
11 66.99 0.00 66.99 13.8 
12 22.55 ELOO 30.55 12.6 
13 219.68 2.93 222.61 19.1 
14 320.86 T 320.86 31.7 
17 154.74 0.80 155.54 13.1 
18 226.48 0.33 226.81 22.4 
19 175.48 1.13 176.61 16.1 
21 151.69 0.67 152.36 14.0 
34 68.70 1.67 70.37 6.6 
34 25.97 0.40 26.37 2.4 
36 172.59 1.67 174.26 15.1 
38 129.61 0.93 130.54 12.7 
39 277.91 0.73 278.64 26.6 
4o 150.02 1.00 151.02 14.9 
4i 631.21 86.19 • 717.40 67.1 
42 600.56 86.79 687.35 61.1 
43 ' 620.55 75.13 695.68 62.5 
44 ' 914.41 0.00 914.41 80.2 
45 766.33 T 766.33 73.5 
46 736.26 • . T , 736.26 65.9 
4? 280.69 288.64 569.33 52.4 
48 224.44 255.31 479.75 47.1 
49 209.84 255.31 465.15 43.2 
52 117.85 156.66 274.51 25.9 
53 150.65 249.99 400.64 34.9 
55 85.87 133.33 219.20 20.4 
57 84.27 141.66 225.93 21.6 
58 195.62 174.99 370.61 35.0 
6o 206.16 166.67 372.83 35.0 
93 358.46 245.31 603.77 63.2 
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Table 20. Calibration data for September 26, 1964 
Liquid • 
CDM in sample Peak Adj peak 
sample size height height 
(ng) (^1) At ten (mm) (mm) 
3.08 2 2 3.1 ^^2 
4.62 3 2 4.1 
9.24 3 2 6.8 13.6 
18.51 
-3 , 2 10.3 20.6 
37.02 \ 3 2 17.2 34.4 
74.04 3 8 6.9 55.2 
148.08 3 8 10.4 83.2 
197.44 4 8 12.2 97.6 
Regression•equation: LOG Y = I.O96 + O.667 LOG X 
Operating conditions: 
Column; I/8" x 5' stainless steel tubing packed with 
60/80 mesh acid washed. Chromosorb W coated 
with 15^ SE-30 
Column temp: 180°C 
•Injector setting: 70 
Flow rate: 60 ml/min 
Standing current: 100 
Retention time: 1.3 min 
Reading: • Every 2-3 min 
Solvent: acetone 
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Table 21. Data for determination of ppm of CDAA. in soil 












1 ' 1 0.3125 86.0 102.26 327.26 
1 2 0.9152 103.6 140.02 152.97 
1 3 1.2218 25.6 16.63 13.61 
1 4 1.5565 16.8 8.85 5.68 
1 5 1.9793 12.4 5.61 2.83 
1 6 1.7159 5.2 1.52 0.89 
1 7 1.9418 9.4 3.70 1.91 
2 1 0.3419 56.0 53.76 157.25 
2 2 0.4964 78.8 89.71 180.72 
2 3 0.8678 31.6 22.80 26.28 
2 4 0.9929 22.2 13.43 13.53 
2 5 1.4205 3.2 0.74 0.51 
2 6 1.8079 16.2 8.38 4.63 
2 7 1.9874 5.0 1.44 0.72 
3 1 0.2295 1.8 0.31 1.36 
3 2 0.5717 8.8 3.36 5.87 
3 3 0.9150 24.2 15.29 16.71 
3 4 1.3418 26.6 17.65 13.13 
3 5 1.5074 18.2 9.97 6.62 
3 6 2.0015 22.0 13.25 6.62 
3 7 2.2544 20.2 11.66 5.17 
4 1 0.2937 0.0 0.00 0.00 
4 2 0.6315 1.0 0.13 0.20 
4 3 0.7895 5.8 1.80 2.28 
4 4 - 1.3884 6.4 2.08 1.50 
4 5 1.4700 1.2 0.l4 0.11 
4 6 1.8521 1.6 0.26 0.14 
4 7 2.1879 7.0 , 2.38 1.09 
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Table 22. Data for determination of ppm of CDAA in soil 
rings of tube 8, September 26, 1^64 
Layer Eing 




















Soil ring Adj. Peak CDAA' in soil 
weight height 
(gm) (mm) (ng) (ppm) 
0.2689 40.8 33.45 124.39 
0.5796 44.0 37.45 64.62 
1.0080 39.2 31.50 31.25 
1.4015 40.0 32.47 23.17 
1.4278 24.4 15.48 10.84 
2.1231 29.2 20.26 9.54 
3.2416 27:6 18.67 5.74 
0.3458 0.0 0.00 0.00 
0.5779 5.2 1.52 2.64 
0.7867 7.6 2.69 3.43 
1.4117 4.2 1.11 0.78 
1.4882 1.8 0.31 0.21 
1.9375 4.6 1.27 0.65 
2.4110 8.0 2.91 1.21 
0.2938 0.0 0.00 0.00 
0.6985 0.0 0.00 0.00 
1.1178 1.4 0.21 0.19 
1.2279 T T T 
1.5110 0.0 0.00 0.00 
2.0352 0.0 0.00 0.00 
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Table 23. Calibration data for. September 30, 19^4 
-
Liquid ' 
CDAA in sample Peak . Adj peak 
sample size height height 
(%s) •• (^1) Atten (mm) (mm) 
9.24 3 2 2.7 5.4 
18.51 3 2 4.3 8.6 
37.02 3 2 • 7.8 15 • 6 
74.04 . 3 4 7.3 33.2 
148.08 3 8 7.7 61.6 
250.00 2 8 13.5 108.0 
Regression equation: LOG Y =-0.477 +0.923 LOG X 
Operating conditions: 
Column: l/8" x 2-1/2' stainless steel tubing packed 
with 60/80 mesh, acid washed, Chromosorb W 
coated with 15^ SE-30. 
Column temp: I80 C 
Injection setting: 70 
Flow rate: 60 ml/min 
Standing current: 100 
Retention time: 1.3 min 
































24. Data for determination of ppm of CDAA in soil 












1 0.5638 95.6 156.68 277.90 
2 0.7909 16.8 23.80 30.09 
3 1.2607 7.6 10.07 7.99 
4 1.5857 3.2 3.94 2.49 
5 1.8709 1.6 1.86 0.99 
6 1.6390 1.0 1.12 0.68 
7 1.1405 1.2 1.36 1.19 
1 0.4325 4.0 5.02 11.61 
2 0.7500 12.4 17.12 22.83 
3 1.0729 11.2 15.33 14.29 
4 1.3660 13.8 19.23 14.08 
5 1.8637 6.6 8.64 4.64 
6 1.7821 5.8 7.51 4.22 
7 1.9540 3.0 3.68 1.88 
1 0.3215 0.0 0.00 0.00 
2 0.4445 0.0 0.00 0.00 
3 0.7188 1.0 1.12 1.56 
4 1.0171 4.0 5.02 4.94 
5 1.1758 6.0 7.79 6.63 
6 l.404l 1.0 1.12 0.80 
7 1.6568 0.0 0.00 0.00 
• 1 0.3119 0.0 0.00 0.00 
2 0.5595 0.0 0.00 0.00 
3 0.8018 0.0 0.00 0.00 
4 1.2407 T T T 
5 1.3842 T T T 
6 1.8460 0.0 0.00 0.00 
7 1.8810 0.0 O.OO 0.00 
$ 
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3.08 2 2 0.6 1.2 
4.62 • 3 2 1.0 2.0 
9.24 3 • 2 2.6 5.2 
18.51 3 2 5.4 10.2-
37.02 3 4 4.4 17.6 
37.02 3 2 9.2 18.4 
74.04 3 4 9.6 38.4 
148.08 3 4 19.5 78.0 
197.44 4 8 11". 3 90.4 
250.00 2 8 l4.l 112.8 
375.00 3 8 14.7 117.6 
375.00 3 16 7.6 121.6 
Regression equation; LOG Ï = -0.433 + 0.945 LOG X 
Operating conditions; 
Column; I/8" x 2-1/2' stainless steel tubing packed 
with 60/80 mesh, acid washed, Chromosorb W 
coated with 15^ SE-30. 
Column temp: 185"^C 
Injector setting: 70 
Plow rate; 60 ml/min 
Standing current: 100 
Retention time: 0.5 min 
Reading: Every 2-3 min. 
Solvent: acetone 
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Table 26. Data for determination of ppm of CDAA in soil 









(u s )  
in soil 
(ppm) 
1 1 0.2692 100.00 153.32 569.54 
1 2 0.6007 73.6 99.85 166.23 
1 3  0.7531 13.0 15.93 21.16 
1 4  1.2858 8.0 9.53 7.41 
1 5  l.4l4o 4.2 4.82 3.41 
1 6 1.9650 2.8 3.14 1.60 
1 7  2.2942 7.4 8.77 3.83 
2 1 0.324y 7.2 8.52 26.29 
2 2 0.7552 10.0 12.07 15.98 
2 3  1.0601 10.8 13.09 12.35 
2 _ 4  1.1930 0.0 0.00 0.00 
2 5  1.7119 0.0 0.00 0.00 
3  1 0.2506 T T T 
3  2 0.5495 T • T T 
3  3  0.9500 1. 4  1.50 1.59 
3  4  1.1518 2.0 2.20 1.91. 
3  5  1.5017 0.0 0.00 0.00 
4  1 0.2352 0.0 0.00 0.00 
1^6 
Table 2?. Data for determination of ppm of CDAA in soil 












0.4218 71.6 96.98 229.93 
1.7440' 86.4 118.32 67.85 
1.6011 29.2 37.53 23.44 
2.2151 9.8 11.81 5.33 
2.4002 4.8 5.55 2.31 
3.084? 3.0 3.37 1.09 
2.1605 3.8 4.33 2.01 
0.3444 . 2.8 3.14 • 9.11 
0.8442 9.6 11.56 13.69 
1.4550 13.2 16.19 11.13 
1.8148 10.0 12.07 6.65 
. 2.4309 6.4 7.52 3.10 
2.8425 9.2 11.05 3.89 
3.0881 8.2 9.78 3.17 
0.2772 0.0 0.00 0.00 
0.7249 0.0 0.00 0.00 
1.2507 0.0 0.00 0.00. 
1.6700 2.0 2.20 1.31 
2.3769 2.6 2.90 1.22 
2.7380 1.6 1.73 0.63 























Table 28. Calibration data for October 2, 1964 
Liquid 
CDAA in sample Peak Adj peak 
sample size height height 
(ng) (lal) Atten (mm) (mm) 
3.08 2 2 1.8 3.6 
4^62 3 2 2.2 4.4 
9.24 3 2 5.2 10.4 
18.5 •3 2 8.8 17.6 
24.68 2 2 14.1 .28.2 
37.02 3 2 20.6 41.2 
74.04 3 8 9 . 3  74.4 
148.08 3 8 15.8 126.6 
Regression equation; LOG Y - O.O89 + O.989 LOG X 
Operating conditions: 
Column; I/8" x 2-1/2' stainless steel tubing packed 
with 60/80 mesh, acid washed. Chromos orb ¥ 
coated with 15^ SE-30 
Column temp; 182°C 
. Injector setting: 70 
Flow rate: 60 ml/min 
Standing current ; 120 
Retention time: 0.8 min 
Reading: Every 3 min. 
Solvent; benzene 
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Table 29. Data for determination of ppm of CDAA in soil 
rings of tube 6, October 2, 1964 
CMAlnsoll 
Layer Ring (gm) (mm) (pig) (ppm) 
1 2 0.8158 
1 3 1.0876 
1 4 1.4319 
1 5 1.6237 
1 6 1.7107 
1 7 1.4221 
2 1 0.4185 
2 2 0.6617 
2 3 0.9542 
2 4 1.0615 
2 5 1.3634 
3 1 0.3800 
3 2 0.6195 
3 3 0.0000 
4 1 0.4273 
18.4 11.57 14.18 
5.2 3.22 2.99 
1.8 1.10 0.77 
0.0 0.00 O'OO 
0.0 0.00 0.00 
0.0 0.00 0.00 
4.2 2.60 
8.8 5.49 8.30 
4.8 2.97 
0.0 0.00 0.00 
0.0 0.00 0.00 
0.0 0.00 0.00 
0.0 0.00 0.00 
0.0 0.00 0.00 
0.0 0.00 0.00 
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Table 30. Data for determination of ppm of CDAA in soil 












1 1 0.7611 20.2 12.71 16.71 
1 2 0.5989 5.0 3.10 5.18 
1 3 1.0007 3.6 2.22 2.22 
1 h 1.1122 1.4 0.85 0.77 
1 5 1.4588 1.0 0.61 0.42 
1 6 2.2141 1.0 0.61 0.28 
1 7  1.7685 0.0 0.00 0.00 
2 1 0.5091 2.8 1.72 3.39 
• 2 2 0.6241 1.2 0.73 1.17 
2 3 0.9258 0.0 0.00 0.00 
2 > 1.1334 0.0 0.00 0.00 
3 1 0.5134 0.0 0.00 0.00 
l6o 














1.54 1 2 1.0 2.0 
4.62 3 2 3.2 6.4 
9.24 3 2 5.9 11.8 
18.51 3 2 10.1 20.2 
37.02 3 4 12.2 48.8 
74.04 3 8 10.0 80.0 
148.08 3 16 8.9 114.0 
250.0 2 8 20.0 160.0 
Regression equation; LOG Y = O.36O + 0.936 LOG X 
Operating conditions: 
Column: I/8" x 2-1/2' stainless steel tubing packed 
with 60/80 mesh, acid washed, Chromosorb W 
coated with 15^ SE-30 
Column temp; 180°C 
Injector setting: 70 
Flow rate;. 60 ml/min 
Standing current: 136 
Retention time: 0.6 min 
Reading; Every 2-3 min 
Solvent; acetone 
l6l 
Table 32. Data for determination of ppm of CDAA in soil 








































































































Table 33. Data for determination of ppm of CDAA in soil 
rings of tube 10, October 3, 1964 





































2.3991 - . 1.6 
0.3040 - 1.4 
0.7408 1.2 
1.0227 2.0 












































6.17- .. 2 2 2.7 5.4 
9.25 3 2 4.1 8.1 
12.34 2 2 4.6 9.2 
18.51 3 2 7.0 i4.o 
24.68 2 2 10.1 20.2 
37.02 3 2 14.7 29.4 
49.36 2 4 10.7 42.8 
74.04 3 4 16.0 64.0 
98.72 2 8 10.6 84.8 
Regression equation: LOG Y = -0.219 + 1.009 LOG X 
Operating conditions : 
Column: l/8" x 2-1/2' stainless steel tubing packed 
with 60/80 mesh, acid washed, Ck^romosorb ¥ 
coated with l^fo SE-30 
Column temp: 185 C 
Injector setting: 70 
Flow rate: 60 ml/min 
Standing current: 112 
Retention time: 0.6 min 
Reading: Every 2 min 
Solvent: benzene 
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Table 35. Data for determination of ppm of CDAA in soil 
rings of tube 5, October 4, 1964 
Layer Ring ( gm ) (mm) (|ag) (ppm) 
1 . 1 0.3722 
1 2 0.5859 
1 3 0.9554 
1 4 1.1306 
1 5 1.3471 
1 6 1.8372 
1 7 1.4804 
2 1 0.3819 
2 2 0.4909 
2 3 0.7621 
2 4 0.8911 
2 5 1.0807. 
2 6 1.6750 
2 7 1.2754 
3 1 0.2200 
3 2 0.4571 
3 3 0.6515 
3 4 1.0556 
3 5 1.0900 
3 6 1.5000 
3 7 1.9328 
89.6 76.66 205.96 
61.6 49.09 83.79 
8.0 6.50 6.80 
3.6 2.95 2.61 
T T T 
T • T T 
0.0 0.00 0.00 
4.2 3.43 8.99 
20.2 16.27 33.14 
16.4 13.23 17.36 
3.4 2.78 3.12 
0.0" 0.00 0.00 
0.0 0.00 0.00 
T T T 
00.0 0.00 0.00 
3.0 2.46 5.38 
9.0 7.30 11.21 
10.4 8.43 7.98 
4.0 3.27 3.00 
2.0 1.64 - 1.10 
1.8 1.48 0.77 
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Table 36. Data for determination of ppm of CDAA in soil 












1 1 0.4897 7.4 ' 6.01 12.28 
1 2 0.7911 9.6 7.78 9.84 
1 3 1.1672 10.8 . 8.75 7.50 
1 4 1.4068 8.6 6.98 4.96 
1 5 1.8034 9.4 7.62 4.23 
1 6 1.9580 9.0 6.30 3.72 
1 7 2.3652 9.0 7.30 3.09 
2 1 0.5205 2.8 2.30 4.41 
2 2 0.5331 2.6 2.13 4.00 
2 3 0.7900 3.0 2.46 3.11 
2 4 1.1253 3.0 2.46 2.19 
2 5 1.1167 2.4 1.97 1.79 
2 6 1.4303 2.6 2.13 1.49 
2 7 1.3623 2.2 1.81 1.33 
l66 














3.08 2 2 4.2 6.4 
4.62 3 2 5.2 10.4 
9.24 3 2 11.0 22.0 
CO 1—I 
3 2 19.2 38.4 
37.08 3 4 17.0 68.0 
74.16 3 8 14.9 119.2 
Regression equation; LOG Y = 1.134 + 0.853 LOG X 
Operating conditions: 
Column; 1/8" x 2-1/2' stainless steel tubing packed 
with 60/80 mesh, acid washed, Chromosorb W ' 
coated with 1S% SE-30 
Column temp; l80°C 
Injector setting; 70 
Plow rate; 60 ml/min 
Standing current; 100 
Retention time; 0.8 min 
Reading; • Every 1-2 min 
Solvent: benzene 
16? 
Table 3 8 .  Data for determination of ppm of CDAA in soil 
rings of tube I3, October ^ , 1964 
Layer Ring (gm) (mm) (p.g) (ppm) 
1 1 0.4392 - ^ 19.6 5.78 13.16 
1 2 0.664? '12.6 3.44 5.I& 
1 3 1.1056' . 34.0 . 11.02 9.97 
1 4 1.5247 r ' 38^4 12.72 8;34 
1 5 2.1140 46.4 15.88 7.51 
1 6 1.9619 : ,84.0 - 31.84 16.23 
1 7 2.5131 62.0 22.30 8.87 
2 1 0.4561 12.0 3.25 7.13 
2 2 0.5818 13.0 3.57 6.14 
2 3 0.9397 16.2 4.62 4.92 
2 4 1.2821 18.0 5.23 4.08 
2 5 1.6371 17.4 5.02 3.07 
2 6 1.5905 15.2 4.29 2.70 
2 7 1.4809 22.8 6.90 4.66 
3 1 0.4822 9.0 2.32 4.81 
3 2 0.5890 9.2 2.38 4.04 
3 3 1.0514 12.4 3.38 3.21 
3 4 1.0564 9.8 2.56 2.43 
3 • 5 1.4714 10.2 2.69 1.83 
3 6 1.7448 10.4 2.75 1.58 
3 7 2.0484 10.8 2.87 1.40 
4 1 0.3550 8.2 2.08 5.86 
4 2 0.6821 8.0 2.02 2.96 
4 3 1.0023 10.0 2.62 2.62 
4 4 1.2749 8.6 2.20 1.73 
4 5 1.4803 8.8 2.26 1.53 
4 6 1.9149 8.0 2.02 1.05 
4 7 2.3437 9.2' 2.38 1.02 
5 1 0.4172 6.0 1.44 3.46 
5 2 0.6468 7.4 1.84 2.85 
5 3 0.8723 8.0 2.02 2.32 
5 4 1.1436 . 9.2 2.38 2.08 
5 5 1.5472 9.4 2.44 1.58 
5 6 1.7853 7.6 1.90 1.07 
5 7 2.1620 6.6 1.61 0.75 
l68 
Table 38. (Continued) 
Soil ring Adj. Peak 
• weight height 
Layer Ring (gm) . (mm) 
6 1 0.3739 7.0 
6" 2 0.7948 8.2 
6 3- 0.9179 7.6 
6 4 1.2071 7.4 
6 5. 1.4131 7.6 
6 6 1.7203 7.4 
6 7 2.4840 - 8.0 
7 . 1 0.4271 5.4 • 
7 2 0.6260 6.0 
7 3 0.9171 8.0 
7 4 1.1536 6.6 
7 5 1.4506 7.0 
7 6 1.7310 7.2 
7 7 2.0415 7.4 
8 1 0.3603 5.0 
8 2 0.7186 7.4 
8 3 1.1603 7.8 
8 4 1.7164 7.2 
8 •• 5. 1.6804 7.4 
8 6 2.0309 8.2 























Table 39* Data for determination of ppm of CDAA in soil 








CDAA in soil 
(u.g) (ppm) 
1 1 0.7776 . 34.8 11.33 14.57 
1 2 0.8136 33.6 10.87 13.36 
1 3 1.1248 48.4 16.68 14.83 
1 4 1.5608 56.0 19.79 12.68 
1 5 2.1034 58.0 20.62 9.81 
1 6 2.3335 42.0 14.12 6.05 
1 7 2.1807 30.0 9.52 4.37 
2 1 0.6925 . 27.6 8.63 12.47 
2 2 0.6586 23.6 7.18 10.9, 
2 3 0.6818 20.8 6.20 9.09 
2 4 1.1179 26.6 8.27 7.40 
2 5 1.4087 10.8 2.87 2.04 
2 6 1.5658 7.8 1.96 1.25 
2 • 7 1.6000 7.0 1.73 1.08 
. 3 1 0.6548 10.2 2.69 4.10 
3 2 0.5987 8.4 2.14 3.57 
3 3 0.9519 11.2 3.00 3.15 
3 4 1.0900 9.8 2.56 2.35 
3 5 1.5322 9.0 2.31 • 1.51 
3 6 1.6368 6.0 1.44 0.88 
3 7 1.6403 5.2 1.22 0.74 
4 1 ' 0.4819 12.2 3.31 6.88 
• k 2 0.5608 11.8 3.19 5.68 
4 3 0.7468 13.0 3.57 4.78 
4 4 1.0115 11.4 3.06 3.03 
4 1.2462 12.0 3.25 2.61 
4 1.6808 9.2 2,38 1.42 
4 7 1.5847 7.0 1.73 1.09 
5 1 0.6109 11.8 3.19 5.22 
5 2 0.6990 11.8 3.19 4.56 
5 3 0.8474 15.0 4.22 4.98 
5 4 1.2582 18.8 5.50 4.37 
5 5 
6 
1.3684 17.0 4.89 3.57 
5 1.6936 15.2 4.29 2.53 
5 7 1.6195 13.2 3.63 2.24 
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Table 39• (Continued) 
"weîgw"® ''hilglr'' 1" soil 
]La,:rer lïliig (gpn) (mm) (ug;) (pjpm) 
6 1 0.7207 
6 2 0.5378 
6 3 0.9047 
6 4 1.0839 
6 5 1.3597 
6 6 1.5241 
6 7 1.6969 
7 1 0.2091 
7 2 0.4784 
7 3 0.9657 
7 4 1.1143 
7 5 1.7102 
7 6 2.1942 
7 . 7 2.7141 
8 1 0.1863 
8 2 0.5082 
8 3 0.8425 
8 4 1.1088 
8 5 1.4316 
8 6 2.1447 
8 7 2.2570 
12.0 3.25 4.51 
7.2 1.78 3.32 
12.8 3.51 3.88 
13.6 3.76 3.47 
14.4 4.02 2.96 
10.6 2.81 1.84 
12.4 3.38 1.99 
9.6 2.50 11.97 
11.8 3.19 6.66 
25.2 7.76 8.04 
22.2 6.69 6.00 
30.4 9.67 5.65 
38.0 12.56 5.72 
44.2 15.00 5.53 
8.2 2. OE) :L1.16 
11.2 3.00 5.90 
16.0 4.55 5'4i 
17.4 5.02 4.53 
22.2 6.67 4.67 
26.2 8.12 3.79 
28.2 8.85 3.92 
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1.54 1 2 2.0 4.0 
3.08 2 2 3.4 6.8 
4.64 3 2 4.3 8.6 
6.18 . 2 2 6.0 12.0 
9.27 3 2 8.1 16.2 
12.36 2 2 10.7 21.4 
18.54 3 2 14.0 28.0 
24.72 2 4 10.7 43.6 
37.08 . 3 4 13.3 53.2 
74.16 3 8 11.7 93.6 
Regression equation; LOG Y = O.967 + 0 . 8 3 3  L O G  X  
Operating conditions; 
Column; 'I/8" x 2-1/2' stainless steel tubing packed 
with 60/80 mesh, acid washed, Chromosorb W 
coated with 1^% SE-30 
Column temp: 185°C 
Injector setting; 70 
Flow rate; 60 ml/min 
Standing current; IO8 
Retention time; 0.8 min 
Reading: Every 1-2 min . 
Solvent; benzene 
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Table 4l. Data for determination of ppm of CDAA in soil 
rings of tube 17» October 6, 1964 
Layer Ring (gm) (mm) (^g) (ppm) 
1 1 0.^632 15.2 5.48 9.73 
1 2 1.1352 24.8 9.86 8.69 
1 3 1.3561 22.0 8.54 6.30 
1 4 2.1903 30.8 12.79 5.84 
1 5 1.8808 23.6 9.29 4.94 
1 6 2.3069 21.8 8.45 3.66 
1 7 2.5834 18.2 6.80 2.63 
2 1 0.5800 10.6 3.55 6.13 
2 2 0.7889 12.2 4.21 5.33 
2 3 0.9029 14.0 4.96 5.50 
2 4 1.3844 15.0 5.39 3.90 
2 5 1.4073 11.6 3.96 2.81 
2 6 1.6147 9.8 3.23 2.00 
2 7 1.9176 10.8 3.63 1.90 
3 1 0.7472 8.2 2.61 3.49 
3 2 0.9206 8.2 2.61 2.84 
3 3 0.8404 7.0 2.16 2.57 
3 4 1.0348 8.2 - 2.61 2.52 
3 5 1.1030 6.0 1.79 1.63 
3 6 1.4120 6.4 1.94 1.37 
3 .7 1.9500 7.6 2.38 1.22 
4 1 0.7025 5.4 1.58 2.25 
4 2 0.6747 4.4 1.24 1.83 
4 3 0.8396 5.6 1.65 1.97 
4 4 1.0534 5.8 1.72 1.64 
4 5 1.2241 5.2 1.51 1.23 
4 6 1.4067 5.0 1.44 1.02 
4 7 1.8226 5.2 • 1.51 0.83 
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Table 4l. (Continued) 

































5 ' . 5 























4. 2  1.17 2.59 
5.6 1.65 2.13 
6.4 1.94 1.67 
4.8 1.37 1.24 
5.0 1.44 1.09 
6 . 8  2.08 0.95 
6.6 2.01 0.82 
2.8 0.72 1.52 
3.8 1.04 1.35 
5.8 1.72 1.15 
4.6 1.30 0.95 
6.0 1.79 1.08 
4.8 1.37 0.67 
5.8 1.72 0.72 
2.4 0.60 1.33 
5.0 1.44 1.23 
5.4 1.58 1.01 
5.2 1.51 l.l4 
5.0 1.44 0.88 
4.0 1.10 0.61 
4.0 1.10 0.50 
2.6 0.66 1.21 
3.4 0.91 1.17 
4.0 1.10 0.92 
5.2 1.51 0.97 
4.2 1.17 0.73 
3.8 1.04 0.72 
4.8 1.37 0.56 
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Table 42. Data for determination of ppm of CDAA in soil 
rings of tube 18, October 6, 1964 
Layer Bing (gm) (mm) (jag) (ppm) 
0.4295 12.4 : 4.29 9.99 
0.9994 31.0 12.89 12.90 
1.3067 14.51 11.10 
1.5844 3:^8 14.30 9.03 
1.7645 13.19 7.48 
2.2704 31.0 12.89 5.68 
2.6606 30.4 12.59 4.73 
0.5681 12.2 4.21 7.41 
0.8111 17.6 6.53 8.05 
1.2629 22.4 8.73 6.91 
I.58I7 21.6 8.35 5.28 
1.7084 16.8 6.18 3.62 
2.0371 17.6 6.53 3.21 







































10.0 3.31 4.28 
0.8203 10.0 3.31 4.04 
1.0823 11-8 4.^4 3.74 
11.8 4.04 2.90 
2.0189 14.2 5.05 2.50 
2.0952 11.2 3.80 1.81 14.4 5.13 2.43 
0.6222 5.4 ^ 1.58 2.54 
1.0500 7.0 2.16 2.06 
1.0649 7.2 -, 2.23 2.10 
1.4461 9.2 3.00 '2.07 
1.5619 8.0 , 2.53 1.62 
2.0672 8.6 2.76 1.34 
2.4742 • 9.4 3.08 1.24 
0.6664 * 4.0 1.10 1.65 
0.9443 7.2 2.23 2-37 
1.3641 8.4 2.69 1.97 
1.3457 7.6 2.38 1-77 
1.^464 6.4 1.94 1-25 
1.7044 6.8 2.08 1'22 
2.2133 7.2 2.23 1.01 
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Table ^2.(Continued) 



































































6 . 0  
5 .6  
































































1.54 1 2 2.5 5.0 
3.08 2 2 4.0 8.0 
4.62 3 2 5.3 10.6 
6.18 2 2 7.8 15.6 
9.27 3 2 10.1 20.2 
12.36 2 2 15.3 30.6 
18.54 3 2 18.1 36.2 
24.77 2 4 14.7 58.8 
37.08 3 4 18.8 75.2 
Regression equation:. LOG Y = 1.122 + 0.882 LOG X 
Operating conditions; 
Column; l/8" x 2-1/2' stainless steel tubing packed 
with 60/80 mesh, acid wash, Chromosorb W 
coated with 15^ SE-30 
Column temp; l85°C 
Injector setting; 70 
Plow rate: 60 ml/mln 
Standing current; 112 
Retention time: 0.6 min 
Reading: Every 2-3 min 
Solvent: benzene 
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Table 44. Data for determination of ppm of CDAA. In soil 
rings of tube 39» October 8, 1964 
Soil ring Adj. Peak 
weight height 
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0.7678 • 4.0 
1.204? 4.6 \ 
1.4171 5u6 
1.5947 4.4 • 
1.8395 4.6 : 
0.5152 3.0, 
0.6559 4.4 
0.9584 • 5.0 • 



































Table 45. Data for determination of ppm of CDAA in soil 
rings of tube'40,- October 8, 1964 




































































































































































Table 46. _ Calibration data for October 9, 1964 
Liquid 
CDAA in sample Peak Adj peak 
sample size height height 
(ng) (MD Atten . (mm) (mm) 
3.08 2 2 6.1 12.2 
4.62 3 2 7.6 U.2 
6.18 2 2 10.5 21.0 
9.27 3 2 13.7 27.4 
12.32 2 2 17.5 35.0 
18.54 3 2 23.4 46.8 
37.08 3 4 
1—i 1—1 CM 
84.4 
Regression equation: LOG Y = 1.581 + 0.784 LOG X 
Operating conditions; 
Column; 1/8" x 2-l/2' stainless steel tubing packed 
with 60/80 mesh, acid washed, Chromosorb ¥ 
coated with 1^% SE-30 
Column temp; 180°C 
Injector setting; 70 
Flow rate; 60 ml/min 
Standing current: 92 
Retention time; O.7 min 
Reading; Every 1-2 min 
Solvent; • benzene 
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Table 47. Data for determination of ppm of CDAA in soil 
rings of tube 34, October 9, 1964 
m .on 




































1 0.5520 9.0 
2 0.7811 12.8 
3 0.8321 14.2 
4 1.1492 17.4 
5 1.5763 18.0 
6 1.7438 34.2 
7 1.6325 40.0 
1 0.2691 4.2 
2 0.6183 8.6 
3 0.7408 9.8 
4 0.8115 , 10.0 
5 1.2192 10.2 
6 1.4430 13.6 
7 1.4600 18.6 
1 0.2269 2.6 
2 0.6690 5.0 
3 0.7700 5.8 
4 0.8831 7.2 
5 1.2393 8.2 
6 1.4519 9.0 
7 1.5131 10.8 
1 0.2564 2.2 
2 0,6668 4.2 
3 0.8477 4.8 
4 0.8482 4.6 
5 1.3906 6.8 
6 , 1.4730 6.2 
7 1.4711 7.8 
1 0.2300 1.4 
2 0.5244 2.4 
•3 0.7876 2.8 
4 • 1.0474 3.0 
5 1.3393 5.4 
6 1.8419 6.8 





































Table 4?. (Continued) 
7 
? 3 
Layer Ring (gm) (mm) (|_ig) (ppm) 
A 1 0.2753 2^ 0-24 0.88 
6 2 0.6269 2.4 0.27 0.43 
6 3 0.8673 3'2 0-39 0.45 
6 4 1.0732 4.0 0.51 0.48 
6 5 1.4223 3.2 0.39 0.27 
6 6 1.8668 4.8 0.^ o.35 
6 7 2.4467 5.8 0.83 0.34 
1 0.2615 2.0 0.21 0.82 
0.6197 3.0 0.36 0.58 
0.8111 3.0 0.36 0.44 
n 4 1.1125 3.2 0.39 0.35 
n < 1.4043 3.0 0.36 0.26 
6 1.7338 4.0 0.52 0.30 
7 2.4259' 5'2 0.72 G.30 
1 0.2950 1.2 0.11 0.38 
2 0.5752 1.8 0.19 0.33 
] 0.9437 2.6 .0.30 0.32 
4 1.1833 3.2 0.39 0.33 
5 1.5987 3.6 0.45 0.28 
6 1.9855 3.6 0.45 0.23 
y 2.6066 5.4 0.76 0.29 
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Table 48. Data for determination of ppm of CDAA in soil 
rings of tube 35j October 9, 1964 
Layer Ring 
1 1 

































































































































































































Table 48. (Continued) 
Layer Ring (gm) (mm) (jag) (ppm) 
8 1 0.5202 0.0 0.00 0.00 
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1.54 1 2 3.3 6.6 
3.08 2 2 5.3 10.6 
4,64 3 2 6.5 13.0 
6.18 2 2 9.9 19.8 
9.27 3 2 13.2 26.4 
12.36 2 2 16.3 32.6 
18.54 3 2 21.4 42.8 
37.08 3 4 18.2 72.8 
Regression equation; LOG Y = 1.51'^ + 0.771 LOG X 
Operating conditions: 
Column: l/8" x 2-1/2' stainless steel tubing packed 
with 60/80 mesh, acid washed, Chromosorb W 
coated with iSfo SE-30 
Column temp; 185°C 
Injector setting: *" 70 
Flow rate: 60 ml/min 
Standing current: 80 
Retention time; 0.5 min 
Reading; Every 2 min 
Solvent; • benzene 
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Table 50. Data for determination of ppm of CDAA in soil 
rings of tube 19, October 10, 1964 
Soil ring 
weight 
Layer Ring (gm) 
1 1 0.3146 
1 2 0.6559 
1 3 - 0.7585 
1 4 1.0994 
1 5 1.2782 
1 6 1.8529 
1 7 2.6108 
2 1 0.7278 
2 2 0.8624 
2 3 1.1682 
2 4 1.5139 
2 5 1.8137 
2 6 1.8590 
2 7 3.1124 
3 1 0.5218 
3 2 0.7535 
3 3 1.0213 
3 4 1.3111 
3 5 1.5600 
3 6 1.7185 
3 7 2.2404 
4 1 0.6451 
4 2 0.6378 
4 3 1.1315 
4 4 1.5970 
4 5 1.5719 
4 6 1.8972 
4 • 7 2.3257 
5 1 0.6721 
5 2 0.7746 
5 3 1.0321 
5 4 1.1492 
5 5 1.4366 
5 6 1.8008 












































































































0 . 8 2  
0.67 
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Table 50. (Continued) 
weight 
Layer Ring (gm) 
6 1 0.2875 
6 2 0.6904 
6 3 0.9086 
6 4 1.1968 
6 5 1.5958 
6 6 1.7682 
6 7 2.6874 
7 1 0.3850 
7 2 0.6476 
7 3 1.0523 
7 4 1.2110 
7 5 1.6229 
7. 6 1.3265 
7 •• • 7 . 1.7572 
8. 1 0.4951 
8 2 0.7140 
8 3 0.7845 
8 4 1.1792 
8 5 1.5956 
8 6 1.7420 
8 7 2.6129 
(mm) (lig) (ppm) 
1.8 0.20 0.70 
4.6 0.67 0.98 
5.6. 0.87. 0.96 


















. kË r.gs 
3.4 0.46 0.92 
6.4 1.04 1.45 
7.4 1.25 1.60 
9.8 1.80 1.53 
11.8 2.29 1.44 
11.4 2.19 1'26 
16.6 3.57 1.37 
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Table 51. Data for determination of ppm of CDAâ in soil 

















































































2 0 . 6  
l6.6 
18.6 
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2 . 0 0  
1.90 
















3 . 2 6  
2.32 
























Table 51» (Continued) 
Layer Ring (gm) (nrni) (^g) (ppm) 
6 1 0.5714 
6 2 0.6961 
6 3 0.9407 
6 4 1.2905 
6 • 5 1.3504 
6 6 1.6477 
6 7 2.3383 
7 1 0.5048 
7 2 0.7144 
7 3 0.9403 
7 4 1.2259 
7 5 1.2968 
7 6 1.6367 
7 7 2.5952 
8 1 0.4310 
8 2 0.6408 
8 '3 0.9173 




















































































9.27 3 2 4.1 8.2 
18.54 3 2 6.6 13.2 
18.54 3 2 6.7 13.4 
37.08 . 3 2 14.7 29.4 
49.44 2 4 
I—1 1—I I—1 
44.4 
74.16 3 4 14.3 57.2 
98.88 2 8 8.3 66.4 
148.32 3 8 12.3 98.4 
Regression equation: LOG Y - 0.020 + 0.924 LOG X 
Operating conditions: 
Column: l/8" x 5' stainless steel tubing, packed with 
60/80 mesh acid washed, Chromosorb ¥ coated 
with 15# 8E-30 
Column temp: 180°C 
Injector setting; 70 
Flow rate: 66.6 ml/min 
Standing current: IO8 
Retention time: 1.4 min 
Reading; Every 3 min 
Solvent: acetone 
191 
Table 53. Data for determination of ppm of CDAA in soil 














































































































































































1 . 6  
1.4 
2 . 0  
2 . 0  
2 . 0  
2 . 2  
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Table 53. (Continued) 
Layer Ring (gm) . (mm) (p.g) (ppm) 
6 1 0.4050 " T T T 
6 2 0.5700 1.6 1.08 1.90 
6 3 0.8602 1.6 1.08 1.26 
6 4 1.0947 1.8 1.23 1.13 
6- 5 1.4740 1.8 1.23 1.84 
6 6 1.7219 1.8 1.23 0.72 
6 7 2.1886 2.0 1.38 0.63 
7 1 0.4860 T T T 
7 2 0.6522 1.4 0.94 1.44 
7 • 3 1.0485 2.2 1.53 1.46 
7 4 1.4909 3.2 2.29 1.54 
7 5 1.4500 2.4 1.68 1.16 
7 6 1.7191 2.6 1.83 1.07 
7 7 2.0325 2.2 1.53 0.75 
8 1 0.5100 ' 1.2 0.79 1.56 
8 2 0.6489 1.4 0.94 1.45 
8 3 1.1424 3.2 2.29 2.01 
8 4 1.1410 3.0 2.14 1.88 
8 5 1.5033 3.8 2.76 1.87 
8 6 1.8758 3.0 2.14 1.14 
8 7 2.2974 3.2 2.29 1.00 
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Table 54. Data for determination of p;^m of CDAA in soil 








CDAA in soil 
(ppm) 
1 1 0.4775 11.0 8.73 18.29 
1 2 0.7840 18.4 15.23 19.43 
1 3 0.9193 14.8 12.04 13.09 
1 • 4 1.0671 12.0 9.59 8.99 
1 5 1.7241 13.4 10.81 6.27 
1 6 2.1387 11.6 9.25 4.32 
1 7 2.4948 12.0 9.59 3.85 
2 1 0.5955 9.0 7.03 11.80 
2 2 0.6296 9.2 7.20 11.43 
2 3 0.7625 7.2 5.52 7.24 
2 4 1.2020 6.2 4.69 3.91 
2 5 1.6531 7.6 5.85 3.54 
2 6 1.8833 6.0 4.53 2.41 
2 7 2.1242 5.4 4.04 1.90 
3 1 0.6210 4.6 3.40 5.47 
3 2 0.7925 4.8 3.56 4.49 
3 3 1.0840 4.8 3.56 3.28 
3 4 1.1167 3.0 2.14 1.92 
3 5 1.4475 3.0 2.14 1.48 
3 6 1.6735 6.0 4.53 2.71 
3 7 1.9214 2.4 1.68 0.88 
4 1 0.5967 3.6 2.61 4.37 
4 2 0.6082 2.8 1.97 3.27 
4 3 0.7994 2.4 1.68 2.10 
4 4 1.2811 2.2 1.53 1.19 
4 5 1.2315 1.8 1.23 1.00 
4 6 1.4819 1.6 1.08 0.73 
4 7 1.7942 1.2 0.79 0.44 
5 1 0.6136 1.8 1.23 2.01 
5 2 0.6192 1.6 1.08 1.75 
5 3 0.8415 1.6 1.08 1.29 
5 4 1.1184 1.4 0.94 0.84 
5 5 1.4854 1.4 0.94 0.63 
5 6 1.7706 1.2 0.79 0.45 
5 7 1.8826 1.0 0.65 0.35 
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Table 54. (Continued) 
Layer Ring (gm) (mm) (fag) (ppm) 
6 1 0.4082 T T T 
6 • 2 0.3771 T T T 
6 3 1.0610 1.8 1.23 1.16 
6 4 1.2451 1.8 1.23 0.99 
6 5 2.0736 1.8 0.79 0.59 
6 6 1.5846 1.2 0.79 0.50 
6 7 1.8750 1.4 . 0.94 0.50 
7 1 0.6306 1.8 ' • 1.23 1.95 
7 2 0.7385 1.8 1.23 1.67 
7 3 0.9751 1.6 1.08 1.11 
7 4 1.2164 1.8 1.23 1.01 
7 5 1.4790 1.8 1.23 0.83 
7 6 1.5415 1.6 1.08 0.70 
7 7 1.9420 1.6 . 1.08 0.56 
8 1 0.3000 T T T 
8 2 O.6508 . • 1.. 8 1.23 1.89 
8 3 1.0854 2.2 1.53 1.41 
8 4 1.1838 2.0 1.38 1.17. 
8 5 1.3407 1.8 1.23 0.92 
8 6 1.4356 T T T 
8 7 1.6491 1.4 0.93 0.57 
V. 
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18.54 3 2 3.8 8.6 
24.68 2 .2 , 5.6 11.2 
37.08 3 2 9.6 ' 19.2 
49,44 2 4 6.4 . 25.6 
74.16 3 4 9.1 36.4 
98.88 2 4 17.3 69.2 
148.08 3 8 14.4 115.2 
197.76 4 8 15.7 125.6 
Regression equation; LOG Y = -1.544 + 1.237 LOG X 
Operating conditions: 
Column: l/8" x 5' stainless steel tubing packed with 
60/80 mesh, acid washed, Chromosorb W coated 
with 15% SE-30 
Column temp: 185°C 
Injector setting: 70, 
Plow rate: 60 ml/mln 
Standing current: 124 
Retention time: 1.2 mln 
Reading; Every 3 mln 
Solvent: acetone 
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Table 56. Data for determination of ppm of CDAA in soil 
rings of tube 4-2, October l6, 1964 
Layer Ring ,(gm) (mm) (^g) (ppm) 
2 1 0.3002 0.0 0.00 0.00 
3 1 0.2845 95.2 92.52 325.19 
3 2 0.5798 0.0 0.00 0.00 
3 3 0.7958 0.0 0.00 0.00 
3 4 1.2724 0.0 0.00 0.00 
3 5 1.2266 0.0 0.00 0.00 
3 6 1.8477 0.0 0.00 0.00 
3 7 1.8547 0.0 0.00 0.00 
4 1 0.2913 124.0 114.56 393.29 
4 2 0.6747 16.6 22.53 33.40 
4 3 0.8960 4.0 7,13 7.96 
4 4 1.2093 0.0 0.00 . 0.00 
4 5 1.5075 0.0 0.00 0.00 
4 6 1.6668 0.0 0.00 0.00 
4 7 1.9910 0.0 0.00 0.00 
5 1 0.2548 108.0 102.45 402.10 
5 2 0.5836 99.2 95.65 163.89 
5 3 0.7489 12.0 17.33 23.14 
5 4 1.0811 2.4 4.71 4.36 
5 •5 1.5770 6.8 10.95. 6.94 
5 6 1.7361 1.2 2.69 1.55 
5 7 1.7797 1.4 3.05 1.71 
6 1 0.2652 8.4 12.99 48.98 
6 2 0.5420 26.8 33.19 61.24 
6 3 0.7101 13.0 18.49 26.04 
6 4 0.9794 12.6 18.03 18.41 
6 5 1.4122 2.0 4.07 2.88 
6 6 1.5251 T T T 
6 7 1.6239 3.0 5.65 3.48 
7 1 0.1974 T T T 
7 2 0.5273 2.4 4.71 8.94 
7 3 0.8933 4.4 7.70 8.62 
7 4 0.8392 5.4 . 9.09 10.83 
7 5 1.4106 3.2 5.95 4.22 
7 6 1.6553 2.0 4.05 2.45 
7 7 2.0249 1.4 3.05 1.51 
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Table 56. (Continued) 
Layer Ring (gm) (mm) (p.g) (ppm) 
8 1 0.1567 0.0 0.00 - 0.00 
8 2 0.6004 0.0 0.0Ô 0.00 
8 3 0.9487 0.0 0.00 0.00 
8 4 1.1145 T T T 
8 5 1.5140 0.0 0.00 0.00 
8 6 1.7201 0.0 0.00 0.00 
8  7  2 . 0 0 0 0  0 . 0  0 . 0 0  0 . 0 0  
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Table 57.' Data for determination of ppm of CDAA in soil 
rings of tube 4l, October 16^ IçSk 
m son 
Layer Ring (gm) (mm) (p.g) (ppm) 
1 1 0.6069 0.0 0.00 0.00 
1 2 0.8746 0.0 0.00 0.00 
2 1 0.4015 0.0 0.00 0.00 
2 2 0.6917 0.0 0.00 . 0.00 
3 1 0.4162 163.2 206.64 496.49 
3 2 0.7911 1.8 3.74 4.72 
3 3 0.7883 0.0 0.00 0.00 
3 4 1.3029 0.0 0.00 0.00 
4 1 0.3633 143.2 166.65 458.71 
4 2 0.6778 12.2 17.56 25.91 
4 3 0.8711 0.0 0.00 0.00 
4 4 1.1002 0.0 0.00 0.00-
5 1 0.3514 49.6 54.61 155.39 
5 2 0.4135 20.0 26.20 63.35 
5 3 0.7803 22.8 29.12 37.32 
5 4 1.0449 . 2.0 4.07 3.89 
5 5 1.2613 0.0 0.00 0.00 
5 6 1.5132 0.0 0.00 0.00 
6 1 0.4576 9.8 14.71 32.15 
6 2 0.6282 21.8 28.07 44.71 
6 3 0.9346 23.6 29.95 32.04 
6 4 1.2260 6.2 10.16 8.29 
6 5 1.4471 3.6 6.54 4.52" 
6 6 1.6838 T T T 
7 1 0.3594 2.2 4.39 12.23 
7 • 2 0.6649 6.0 9.89 14.88-
7 - 3 0.8164 5.2 8,81 10.79 
7 4 1.0800 2.4 4.71 4.37 
7 5 
6 
. 1.3738 . 1.4 3.05 2.22 
7 1.6066 1.0 . 2.32 1.45 
7 7 • ^ 1.4910 0.0 0.00 0.00 
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Table 37» (Continued) 
Layer Ring (gm) (mm) (^g) (ppm) 
8 1 0.3683 0.0 0.00 0.00 
8 2 0.6304 T T T 
8 3 0.8600 T . T ' T 
8 4 1.0955 • • • T T , T 
8 5 1.1624 0.0 0,00' 0.00 
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Table 58. Data for determination of ppm of CDAA in soil 












2 1 0.3376 0.0 0.00 0.00 
3 1 Q.3026 127.2 121.32 400.92 
3 2 0.5793 0.0 0.00 0.00 
4 1 0.2645 163.2 206.64 781.25 
4 2 0.5477 83.2 82.97 151.48 
4 3 0.7695 6.0 9.89 12.86 
4 4 1.0885 T T T 
4 5 1.1941 2.4 4.71 3.95 
•4 . 6 1.5300 T T T 
• 4 7 1.3347 T T T 
5 1 0.3533 52.0 56.73 160.58 
5 2 0.6382 45.2 50.65 79.37 
5 3 0.9315 18.8 24.92 26.75 
5 4' 1.4809 . 20.4 26.62 17.97 
• 5. 5 1.5469 4.2 7.41 4.79 
5 ; 
••• 5 
6 1.8806 T T T 
•7 1.9767 T T T 
6 1 0.3864 . T T • T 
6 2 0.7504 6.4 10.42 13.89 
6 3 0.8786 3.8 6.84 7.78 
6 4 1.1545 1.2 2.69 2.33 
6 5 1.8239 2.8 5.34 2.93 
6- 6 1.7487 T T • T 
6 7 1.9641 1.6 3.40 1.73 
7 1 0.2511 0.0 0.00 0.00 
7 2 0.5763 0.0 0.00 0.00 
7 3 1.0383 T T T 
8 1 0.3897 0.0 0.00 0.00 
8 3 1.1053 0.0 0.00 0.00 
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Table 59• Calibration data for October 17, 1964 
Liquid 
CDAA in sample Peak Adj peak 
sample size height height 
(ng) (nD Atten (mm) (mm) 
4.64 3 2 0.8 1.6 
6.18' 2 2 1.4 2.8 
9.27 3 2 2.0 4.0 
12.36 2 2 2.6 5.2 
18.54 3 2 4.1 8.2 
24.72 2 2 6.0 12.0 
37.08 3 2 10.5 21.0 
49.24 2 4 8.0 32.0 
74.16 3 4 13.6 54.4 
98.88 2 8 8.4 67.2 
148.08 3 8 13.7 109.6 
Regression equation; LOG Y = -1.337 + 1.213 LOG X 
Operating conditions: 
Column: 1/8" x 5' stainless steeltublng packed with 
60/80 mesh, acid washed, Chromosorb W coated 
with 15% SE-30 
Column temp; 185°C 
Injector setting: 70 
Flow rate: 60 ml/min 
Standing current; 124 
Retention time; 1.2 min 
Reading; Every 2-4 min 
• Solvent; benzene 
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Table 60. Data for determination of ppm of CDAA in soil 
rings of tube 44, October 1?, 1964 
Layer Ring (gm) (mm) (^g) (ppm) 
1 1 0.2232 100.0 89.27 399.96 
1 2 0.5432 l4l.6o 169.98 312.92 
1 3 1.0001 136.0 153.32 153.30 
1 4 1.3791 92.0 83.34 60.43 
1 5 1.2903 14.0 17.66 13.68 
1 6 1.8792 5.4 8.05 4.29 
1 7 2.1767 3.6 5.79 2.65 
2 1 0.3241 52.8 52.74 162.72 
2 2 0.6971 80.8 74.87 107.43 
2 3 0.8924 56.0 55.36 62.03 
2 4 1.2882 26.4 29.79 23.12 
2 5 1.1962 9.6 12.94 10.82 
2 6 1.6706 4.4 6.80 4.07 
2 7 2.1019 5.0 7.56 3.60 
3 1 0.4147 24.8 28.29 68.22 
3 2 0.5105 26.8 30.16 59.08 
3 3 1.0200 14.8 18.48 18.13 
3 4 1.2033 9.2 12.49 10.38 
3 5 1.4259 5.0 7.56 5.30 
3 6 1.5827 1.8 3.26 2.06 
3 7 1.8472 T T X.T 
4 1 ^ 0.3233 7.6 10.67 33.02 
4 2 • 0.6733 2.4 4.13 6.13 
4 3 0.9308 6.4 9.26 9.95 
4. 4 • 1.1153 3.2 5.23 4.6^ 
4 ' 5' 1.5489 ' 2.2 3.84 2.48 
4 6 1.7700 T T T 
4 7 1.9595 0.0 0.00 0.00 
5 1 0.3641 1.6 2.95 8.12 
5 2 0.6192 . 1.8 3.26 5.26 
5 3 1.0620 2.6 ^ 4.41 4.15 
5 4 I.3085 1.6 2.95 2.26 
5 5 1.5720 T T T 
5 6 1.7945 T T T 
5 7 2.0800 0.0 0.00 0.00 
6 1 0.3691 T T T 
6 2" • 0.7066 T T T • 
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Table 60. (Continued) 
Layer Ring (gm) (mm) (|ag) (ppm) 
7 2 0.7145 0.0 0.00 0.00 
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Table 6l. Data for determination of ppm of CDAA in soil 












1 1 0.3578 108.8 95.70 267.46 
1 2 0.6624 120.0 117.99 178.12 
1 3 0.9606 116.8 111.32 115.88 
1 4 I.I805 76.0 71.20 60.31 
1 5 1.5512 18.4 22.12 14.26 
1 6 1.7157 6.4 9.26 5.40 
1 7 1.7393 3.6 5.77 3.32 
2 1 0.3118 39.2 41.26 132.32 
2 2 0.6653 58.4 57.31 86.14 
2 3 0.9165 45.2 46.40 50.62 
2 4 1.2303 20.0 23.69 19.26 
2 5 1.4776 8.0 11.13 7.54 
2 6 1.5624 4.0 6.29 4.03 
2 7 1.5934 1.6 2.95 1.85 
3 1 0.4185 18.4 22.12 52.86 
3 2 0.7227 24.2 27.72 38.36 
3 3 0.9693 17.0 20.72 21.38 
3 4 0.9739 7.6 10.67 10.96 
3 5 1.6091 6.8 9.74 6.05 
3 6 1.5316 2.0 3.55 2.32 
3 7 , 1.7870 3.0 4.96 2.78 
4 1 0.3470 5.8 8.54 24.61 
4 2 0.7291 6.0 8.78 -12.05 
4 3 0.9169 • 5.0 7.56 8.24 
4 4 1.1452 3.6 5.77 5.03 
4 5 1.2545 1.8 3.26 , 2.60 
. 4 6 1.5824 1.4 2.65 1.67 
4 7 1.7644 • T T T 
5 1 0.4401 1.4 2.65 6.02 
5 2 0.6952 1.8 3.25 4.68 
5 3 0.9322 1.0 2.01 2.15 
. 5 4 1.2764 T T T 
5 5 1.3630 T T T 
5 6 1.6234 T T T 
5 . 7 1.8707 T T T 
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Table 6l. (Continued) 
«Ur CDAA m,.on 
Layer Eing (gm) (mm) (^g) (ppm) 
6 I 0.3704 
6 2 0.7526 
6 3 0.9501 
6 4 1.2008 
6 5 .1.7435 
T T T 
T T T 
T • T T 
T T T 
T T T 
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Table 62. Data for determination of ppm of CDAA in soil 












1 3 0.9440 97.6 87.50 92.69 
1 1 0.4014 120.8 118.65 295.59 
1 2 0.5997 116.8 111.32 185.63 
1 4 1.1256 62.4 60.52 53.77 
1 5 1.3701 22.8 26.40 19.27 
1 6 1.6957 9.2 12.49 7.37 
1 7 1.8847 3.4 5.50 2.92 
2 1 0.3562 46.4 47.41 133.10 
2 2 0.6120 58.0 56.98 93.11 
2 3 0.9538 51.2 51.42 53.91 
2 4 1.1010 16.0 19.71 17.91 
2 5 1.2313 6.4 9.26 7.52 
2 6 1.9017 3.8 6.03 3.17 
2 7 1.8341 5.8 ' 8.54 4.66 
3 1 0.3853 20.4 24.08 62.51 
3 2 O..7756 20.6 24.28 31.30 
3 3 0.9743 14.8 18.47 18.98 
3 4 1.2367 7.6 10.67 8.63 
3 5 1.3505 3.2 5.23 3.87 
3 6 1.7457 2.0 3.55 2.03 
3 7 2.0837 1.4 2.65 1.27 
4 1 0.3569 3.6 5.77 16.16 
4 2 0.6999 6.6 9.50 13.58 
4 3 1.0518 4.6 7.06 6.71 
4 4 1.1524 1.8 3.26 2.83 
4 5 1.4867 T T T 
4 6 1.5756 T T T 
4 7 • 1.9579 T T T 
5 1 0.3486 T T , T 
5 2 0.6650 T T T 
5 3 l.l4ll T T T 
5 4 1.3209 T T T 
5 5 1.6426 T T T 
5 6 1.8220 T. T T 
5 7 1.8909 0.0 0.00 0.00 
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6 1 0.3503 T T T 
6 2 0.7596 T T T 
6 3 1.0579 T T T 
6 k 1.2883 T T T 
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9.24 3 2 1.5 3.0 
12.34 2 ; • 2 2.1 4.2 
18.51 3 2 3.0 6.0 
24.68 2 2 5.6 11.2 
37.02 3 2 8.4 16.8 
49.36 2 2 14.8 29.6 
74.04 3 4 . 12.2 48.8 
98.72 2 8 7.9 63.2 
148.08, 3 8 12.0 96.0 
Regression equation: LOG Y = -1.837 + 1.304 LOG X 
Operatingconditions : 
Column; I/8" x 5' stainless steel tubing packed with 
60/80 mesh, acid washed, Chromosorb W coated 
with 15# 8E-3O 
Column temp: l85°C 
Injector setting: 70 
Flow rate: 60 ml/min 
Standing current: 120 
Retention time: 1.2 min 
Reading: Every 3-4 min 
Solvent: benzene , 
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Table 64a. Data for determination of ppm of CDAA in soil 












1 1 0.3119 120.8 '146.65 470.18 
1 2 0.5059 35.2 41.82 82.67 
1 3 0.8666 11.6 17.85 20.60 
1 4 1.1330 4.0 . 7.89 6.97 
1 5 1.3410 2.6 5.67 4.23 
1 6 1.8509 2.2 4.98 2.70 
1 7 1.4487 1.2 3.13 2.16 
2 1 0.5274 6.8 11.85 22.48 
2 2 O.728I 11.6 17.85 24.52 
2 3 0.8720 3.6 7.28 8.35 
2 4 0.8821 • 1.6 3.91 4.43 
2 5 1.6423 4.0 7.89 4.81 
2 , 6 0.5746 0.0 0.00 0.00 
3 • 1 0.2774 T T T 
3 2 0.6770 T T T 
• 3 3 1.0636 T. T T 
3 4 1.3182 1.6 3.91 2.97' 
3 5 1.4151 0.0 0.00 0.00 
4 1 0.2640 0.0 0.00 0.00 
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Table 64b. Data for determination of ppm of CDAA in soil j  
rings of tube 48, October 19, 1964 
Layer Ring (gm) (mm) (^g) (ppm) 
1 1 0.3217 89.6 85.62 266.15 
1 2 . 0.7179 33.6 40.36 56.22 
1 3 0.9260 7.0 12.12 13.09 
1 4 1.3091 6.0 10.77 8.23 
1 5 1.4263 3.6 7.29 5.10 
1 6 1.7998 2.8 6.00 3.34 
1 7 2.3526 3.8 7.59 3.23 
2 1 0.3155 6.8 11.85 37.58 
2 2 0.5716 7.0 12.12 21.21 
2 3 0.8122 4.8 9.08 11.17 
2 4 1.0514 2.4 5.33 5.07 
2 5 1.4668 1.6 3.91 2.66 
2 , 6 1.7207 2.0 4.64 2.70 
2 7 1.9492 1.2 3.13 1.61 
3 • 1 0.2920 0.0 0.00 0.00 
3 2 0.6394 T T T 
3 3 0.7855 2.0 4.64 5.90 
3 4 1.1098 T T T 
3 5 1.3059 0.0 0.00 0.00 
3 6 1.5465 0.0 0.00 0.00 
3 7 2.2346 0.0 0.00 0.00 
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Table 6 5 .  Data for determination of ppm of CDAA in soil 
rings of tube 4$, October 19, 1964 
Layer Ring (gm) (mm) (pg) (ppm) 
1 1 0.3145 62.4 64.88 206.29 
1 2 0.7576 34.4 41.09 52.24 
1 3 1.1074 7.2 12.39 • 11.18 
1 4 1.5208 11.4 17.62 11.59 
1 5 1.6193 3.2 6.65 4.11 
1 6 2.0298 5.2 9.65 4.75 
1 7 1.9095 6.2 11.04 5.78 
2 1 0.3442 6.8 11.85 34.44 
2 2 0.6212 4.2 8.19 13.19 
2 3 0.8578 6.6 11.59 13.50 
2 4 1.0895 1.8 4.28 3.93 
2 5 1.3351 4.0 7.89 
2 6 1.8704 1.0 2.72 10 46 
2 7 1.9012 T T T 
3 1 0.3100 0.0 0.00 0.00 
3 2 0.5197 0.0 0.00 0.00 
3 3 0.7607 0.0 0.00 0.00 
3 4 1.0085 T T T 
3 5 1.3731 0.0 0.00 0.00 
3 6 1.4868 0.0 0.00 0.00 
3 7 2.1853 0.0 0.00 0.00 
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4.64 3 2 4.1 8.2 
6.18 2 2 . 7.4 14.8 
9.27 3 2 9.6 19.2 
12.36 2 2 12.6 25.2 
18.54 3 2 17.6 35.2 
24.72 2 4 11.7 46.8 
37.08 3 4 16.3 '  65.2 
49.44 2 8 10.0 80.0 
74.16 3 8 12.3 98.4 
98.88 4 8 13.7 109.6 
Regression equation; LOG Y = 1.101 + 0.823 LOG X 
Operating conditions; 
Column: l/8" x 5* stainless steel tubing packed with 
60/80 mesh, acid washed, Chromosorb ¥ coated 
with SE-30 
Column temp; 180°C 
Injector setting; 70 
Flow rate; 60 ml/min 
Standing current; II6 
Retention time: 1.2 min 
Reading; , Every 2-3 min 
Solvent; benzene 
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Table 6?. Data for determination of ppm of CDAA in soil 












1 1 0.5222 96.0 44.78 85.75 
1 2 0.4408 24.0 8.31 18.85 
1 3 0.7954 6.0 1.54 1.94 
1 4 0.9115 1.4 0.26 0.29 
1 5 1.3924 1.4 0.26 0.19 
1 6 1.4690 1.0 0.17 0.12 
1 7 1.4067 T T T 
2 • 1 0.2482 30.2 10.99 44.27 
2 2 0.4396 39.2 15.08 34.31 
2 . 3 0.7654 39.4 15.18 19.83 
2 4 0.7221 2.4 0.51 0.70 
2 5 0.9744 2.6 . 0.56 0.57 
2 6 1.1091 1.4 0.26 0.24 
2 7 1.1554 1.8 0.36 0.31 
3 1 0.4237 1.6 0.31 0.73 
3 2 0.5015 7.4 1.97 3.97 
3 3 0.6450 10.6 3.08 4.77 
3 4 0.7311 2.6 0.56 0.76 
3 5 0.9598 T T T 
3 6 1.6613 T T T 
3 7 1.1423 • 2f4 0.51 0.44 
4 1 0.4202 9.2 2.59 6.17 
4 2 0.4394 . 3.4 0.77 1.76 
4 3 0.5054 T T ••• T 
4 '4 0.9048 7.4 1.99 2.20 
4 5 1.1354 2.6 , 0.56 0.49 
4 6 1.2548 2.8 0.61 0.49 
4 7 1.o4l4 10.0 2.87 2.7; 
5 1 0.5000 0.0 0.00 0.00 
5 2 0.4970 1.0 0.17 0.35 
5 3 0.6397 1.8 0.36 0.56 
5 4 1.0244 2.2 0.45 0.44 
5 5 
6 
0.9950 2.6 0.56 0.56 
5 1.1642 2.0 0.40 0.35 
5 7 1.1027 0.0 0.00 0.00 
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Table 68. Data for determination of ppm of CDAA in soil 








CDAA in soil 
(ppm) 
1 1 0.2945 133.6 100.00 33.95 
1 2 0.4774 42.4 16.59 34.75 
1 3 0.4935 4.2 1.00 2.03 
1 4 0.9230 8.0 2.19 2.37 
1 5 1.3034 3.6 0.83 0.64 
1 6 1.7760 1.6 0.31 0.17 
1 7 1.3379 1.2 0.22 0.16 
2 1 0.1458 0.0 0.00 0.00 
2 ... 2 0.6595 6.0 1.54 2.34 
2 • 3 0.7787 51.2 20.86 26.79 
2 4 0.9854 T T T 
2 5 1.2530- 1.6 1.31 0.25 
2 6 1.3627 6.0 1.54 1.13 
2 7 1.3098 3.4 0.77 0.59 
3 1 0.4285 T T T 
3 2 0.5459 1.2 0.22 0.40 
3 3 0.6590 1.2 0.22 0.33 
3 4 1.1255 2.2 0.45 0.41 
3 5 1.2996 19.4 6.42 4.94 
3 6 1.1937 1.0 0.17 0.15 
3 7 A.2491 1.6 0.31 0.25 
4 1 0.2676 T T T 
4 2 0.5215 T T T 
4 3 0.9079 1.4 0.26 0.29 
4 4 0.8175 1.2 0.22 0.27 
4 5 1.1661 T T T 
4 6 1.4949 4.6 1.12 0.75 
4 7 1.4346 T T T • . 
5 • 1 0.2738 0.0 0.00 0.00 
5 2 0.5100 0.0 0.00 0.00 
5 3 0.7484 0.0 0.00 0.00 
5 4 0.8391 1.6 0.31 0.37 
5 5 1.0404 T T T 
5 6 1.3202 1.0 0.17 0.13 
5 7 1.3810 1.2 0.22 0.16 
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CDAA in soil 
(ug) (ppm) 
6 1 0.4104 0.0 0.00 0.00 
6 2 0.6052 0.0 \ 0.00 0.00 
6 3 0.6269 0.0 0.00 0.00 
6 U 1.0753 T T T 
6 5 1.4560 T T T 







6 7 1.1840 " T . T T 
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4.64 3 2 4.9 9.8 
9.27 3 2 9.4 18.8 
18.54 3 2 17.4 34.8 
24.72 2 2 25.1 50.2 
24.72 2 4 12.8 51.2 
37.08 3 4 18.1 72.4 
49.44 3 8 11.7 93.6 
Regression equation: LOG Y = 0.793 + 0.965 LOG X 
Operating conditions: 
Column: I/8" x 5' stainless steel tubing packed with 
60/80 mesh, acid washed, Chromosorb ¥ coated 
with 15^  SE-30 
Column temp: 180°C 
Injector setting; 70 
Plow rate: 60 ml/min 
Standing current: 104 
Retention time: 1.4 min 
Reading: Every 3 min 
Solvent: benzene 
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Table 70. Data for determination of ppm of CDAA in soil 












1 1 0.4552 93.6 32.35 71.08 
1 2 0.6425 12.0 3.85 5.99 
1 3 0.9312 4.8 1.49 1.60 
1 4 1.1800 2.0 0.60 0.51 
1 5 1.7498 1.6 0.48 0.27 
1 6 1.4520 1.0 . 0.29 0.20 
1 7 - 1.4156 T , T T 
2 1 0.5048 68.0 23.23 46.02 
2 2 0.5519 8.0 2.53 4.58 
2 3 0.7741 T ,/ T T 
2 4 0.9815 2.8 0.85 0.87 
2 
- 5 1.1143 1.2 0.35 0.32 
2 6 l.3iy}^_ 1.0 \ 0.29 0.22 
2 7 1.0597 -T-- T T 
3 . 1 0.5497 13.2 4.25 7.73 
3 2 0.5608 14.4 4.65 8.29 
3 3 0.7407 1.2 0.35 0.48 
3 4 1.1226 0.0 0.00 0.00 
3 5 
6 
1.1464 0.0 0.00 0.00 
3 1.4329 0.0 0.00 0.00 
4 • 1 0.5474 3.2 0.98 1.79 
4 2 0.5040 3.4 1.04 2.07 
• 4  3 0.8124 4.4 1.36 1.67 
4 4 0.9510 0.0 0.00 0.00 
4 5 1.2068 0.0 0.00 -0.00 
5 1 0.4283 12.4 3.98 9.30 
5 2 0.4475 2.4 0.73 1.62 
5 3 0.9388 0.0 OiOO 0.00. 
5 4 1.0771 T T • T 
6 1 0.5051 4.8 1.48 2.95 
6 2 0.5416 T T T 
6 3 0.9782 0.0 0.00 0.00 
6 4 1.0309 0.0 • 0.00 0.00 
7 1 0.4675 1.6 0.48 1.02 
7 2 0.3666 0.0 0.00 0.00 
7 3 0.6874 0.0 0.00 0.00 
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Table ^0. (Continued) 
Layer Ring (gm) (mm) (^g) (ppm) 
8 1 0.4789 0.0 0.00 0.00 
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Table yi. Data for determination of ppm of CDAA in soil 
rings of tube 57} October 21, 1^62 
^AAinson 
Layer Ring (gm) (mm) (pg) (ppm) 
1 1 0.4643 . 108.8 41.33 89.02 
1 2 0.7017 6.6 2.07 2.95 
1 3 0.8143 2.6 0.79 0.97 
1 4 1.0071 T T T 
1 1.5555 T T T 
1 6 1.3889 T T T 
1 7 1.3004 T T T 
2 ; 1 0.4726 3.4 1.04 2.20 
2 2 0.6214 28.0 9.26 14.91 
2 3 0.7569 8.4 2.66 3.51 
2 4 0.8654 1.4 0.41 0.48 
2 5 1.1995 0.0 0.00 0.00 
2 6 1.2870 0.0 0.00 0.00 
3 1 0.3858 1.4 0.41 1.08 
3 2 0.6090 60.4 20.55 33.74 
3 . 3 0.7870 1.8 0.54 . 0.68 
3 4 0.8998 T 2.2 0.66 0.74 
3 5 1.0503 T T . T 
4 1 0.4339 1.2 0.35 0.82 
4' ' 2 0.5998- 2.4 0.73 1.21 
4 3 0.7222 9.8 3.12 4.32 
4 4 1.0200 1.2 0.35 0.35 
4 5 1.1417 0.0 0.00 0.00 
5 1 0.3161 . 0.0 0.00 0.00 
5 2 0.6634 0.0 0.00 0.00 
5 3 0.8561 T T T 
5 4 0.9394 0.0 0.00 0.00 
5 5 1.0871 0.0 0.00 0.00 
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Table 72. Calibration data for October 22, 1^64 












4.64 3 2 3.7 7.4 
a. 9.27 3 2 7.0 14.0 
18.54 • 3 2 13.8 27.6 
37.08 ^ 3 4 l4.6 58.4 
74.16 3 8 l4.6 116.8 
Begrpssion equation; LOG Y = 0.430 .+ 1.002 LOG X 
Operating conditions; 
Column; 1/8" x 5' stainless steel tubing packed with 
60/80 mesh, acid washed, Chromosorb W Coated 
with 15# 5E-30 
Column temp: 180°C 
'Injector setting: 70 
Flow rate; 60 ml/min 
Standing current; II6 
Retention time: 1.5 min 
Reading: 3 min 
Solvent; benzene 
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Table 73- Data'for determination of ppm of CDAA in soil 
rings of tube'60, October 22, 1964 
Layer Ring 
Soil ring, ; 





CDAA in soil 
(ppm) 
1 1 0.1965 0.0 0.00 0.00 
1 2 0.5158 58.0 24.93 . 48.34 
1 3 0.6506 6.4 • 2.77 4.25 
1 4 1.1373 4.8 2.07 1.8] 
1 5 1.3760 .2.4 • 1.04 0.76 
1 6 1.4631 1.4 0.61 0.42 
1 7 1.9140 2.0 . 0.87 0.45 
2 1 0.3060 37,2.. 16.01 52.32 
2 2 0.2524 25.2 10.85 43.01 
2 3 0.5094 12.8 5.52 10.84 
2 4 0.7477 55.2 23.73 31.74 
2 5 1.0736 47.6 20.47 19.07 
2 6 1.0281 5.2 2.25 2.19 
2 7 , 1.1074 5.4 2.33 2.10 
3 1 0.2984 4.0 1.73 5.80 
3 2 0.5858 23.4 10.08 17.20 
3 3 0.5844 47.4 20.37 34.88 
3 4 0.6537 3.8 1.64 2.52 
3 5 1.0532 3.4 1.47 1.40 
3 6 0.8977 4.0 1.73 1.93 
3 7 1.1779 4.0 1.73 1.47 
4 1 0.2592 2.2 0.95 3,68 
4 2 0.2784 7.6 3.28 11.79 
4 3 0.6521 5.2 2.25 3.45 
4 4 • 0.7139 3.8 1.64 2.30 
4 5 1.2197 25.8 11.11 9.11 
4 6 1.0446 1.8 0.78 0.75 
4 7 1.3032 32.6 14.03 10.77 
5 1 0.2034 T T T 
5 2 0.4706 6.2 2.68 5.69 
5 • 3 0.6392 3.0 1.30 2.03 
5 4 0.8539 4.6 ' 1.97 2.33 
5 5 1.2100 4.0 1.73 1.43 
5 6 1.0716 6.2 2.68 2.50 
5 7 1.3439 3.2 1.38 1.03 
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Table 73- (Continued) 
Gmi m .011 
Layer Ring . (gm) (mm) (|ag) (ppm) 
6 1 0.1174 
6  2  0 .2930  
6 3 0.5087 
6 4 0.6983 
6 5 1.0606 
6 6 1.2903 
6 7 1.0213 
0.0 0.00 0.00 
1.2 0.52 1.78 
1.4 0.61 1.19 
4.0 1.73 2.48 
4.6 1.98 1.88 
5.0 2.16 1.68 
2.6 1.13 1.10 
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Table 74. Data for determination of ppm of CDAA in soil 
rings of tube 58, October 22, 1964 
Layer Ring . (gm) (mm) (^g) (ppm) 
1 • • 1 0.3589 32.8 14.12 39.34 
1 2 0.4i64 82.4 35.39 84.99 
1 3 0.9352 17.2 7.41 7.93 
1 • 4 0.9441 9.0 3.89 4.12 
1 5 1.6113 3.8 1.64 1.02 
1 6 1.6828 2.4 1.04 0.62 
1 7 1.9569 3.2 1.38 • 0.71 
2 1 0.3030 11.6 5.01 16.52 
2 2 0.3100 8.8 3.80 12.26 
2 3 0.4158 51.6 22.19 53.36 
2 4 0.8112 18.2 7.84 9.67 
2 5 1.Z213 60.0 25.79 21.12 
2 6 1.0900 - 24.0 10.34 9.49 
2 ? •  0.9000 3.0 1.39 1.44 
3 1 0.3993 4.4 1.90 4.77 
3 2 0.5460 10.0 4.32 7.90 
3 3 0.7040 4.6 1.99 2.83 
3 4 0.9833 9.8 4.23 4.30 
3 5 0.8790 10.4 4.49 5.11 
3 6 1.2748 5.0 2.16 1.70 
3 7 1.1143 12.2 5.26 4.72 
4 1 0.3225 7.4 3.20 9.91 
4 2 0.3130 3.8 1.64 5.25 
4 3 0.4365 4.0 1.73 3.97 
4 4 0.6173 6.0 2.59 4.20 
4 5 1.0091 8.2 3.54 3.51 
4 6 1.1392 8.6 3.71 3.26 
4 7 1.2151 7.2 3.11 2.56 
5 1 0.3719 1.2 0.52 1.40 
5 2 0.4077 3.2 1.38 3.40 
5 • 3 0.6031 5.0 2.16 3.59 
5 4 0.8202 3.2 1.38 1.69 
5 5 1.0559 3.6 1.56 1.48-
5 6 1.1176 3.4 1.47 1.32 
5 7 0.9907 1.4 0.61 0.61 
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6 1 0.3580 0.0 - o . o o - ' 0.00 
6 2 0.4752 T . T T 
6 3 0.6967 T T T 
6 4 0.8774 T T T 
6 5 1.2127 1.4 0.61 0.50 
6 6 1.5058 1.0 0.43 0.29 
6 7 1.2119 1.6 0.69 0.57 
